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Also in this issue 

Steadying a stabilized platform 
Cam mechanisms for control 
Accuracy in digital transmission 
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CENTRAL DATA PROCESSOR 
for AIR TRAFFIC CONTROL 


Today, at a peak traffic hour, approximately 200 aircraft flew over the New York area. Each year this 
number will increase. Yet, the Federal Aviation Agency will continue to assure safe and efficient control of 
air traffic. One reason...a data processor developed for the FAA by Librascope to quickly and accurately 
handle the routine clerical tasks now occupying most of the controller’s time. The first 18-unit data 
processor will be installed at Boston in 1962. A note to Librascope outlining your control problems will 


bring a prompt answer from the country’s most versatile manufacturer of computer control systems. 
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1100 volts in steps as small as 1 pv! 


Oi come) -1¢ 


The seven 11-position readout-type dials on KIN TEL’s new 
Model 303 DC Voltage Standard let you control the output 
from 0.000000 to over +1100.0000 volts in three ranges 
with a resolution of 0.1 part per million of full scale. 


The voltage is held stable within 0.0025% of the dialed out- 
put for over eight hours, within 0.005% for over 30 days. 
Absolute accuracy is better than 0.01% of the setting. 
The 303 has a four-terminal output—two to furnish cur- 
-rent for the load, and two to sample the voltage across the 
load. By sampling at the load, no error is caused by cur- 
rent flowing through external leads, and the effective 
source impedance at the load is 0.001 ohm. Full accuracy 
is maintained with lead lengths on the order of 10 feet. 


Write today for detailed technical literature or d 


> Representatives in all major. cities 


5725 Kearny Villa Road, San Diego 11, California. Phone: BRowning 7-6700 
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The output circuit is completely floating, shielded, and 
guarded — isolated from both chassis and power-line 
ground. Common-mode intermodulation products are re- 
jected by 120 db at 60 cps. 

Output current may be limited by a panel control to 5, 10, 
15, or 25 milliamperes. An overload relay disconnects the 
output terminals if the selected current is exceeded or if 
the output voltage deviates from the setting. 

These features make the 303 an ideal standard. Its wide 
range and high accuracy make it useful in many labora- 
tory and industrial applications. And its exceptional 
resolution makes it especially valuable when small incre- 
ments of voltage are needed. Price $2800. 


elLecrronics, inc 


KIN TEL Sivisiom 
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Any or all 
Time Codes... 


of teak 


ASTRODATA can give you, in one standard in- 
strument at standard instrument prices, any pres- 
ently used time code format or up to 8 codes 
simultaneously. You can choose from more than 
30 standard options, all immediately available 
off-the-shelf. Only Astrodata can honestly make 
this offer. 


Astrodata’s complete line of solid state time code 
equipment is built to MIL requirements around 
modular plug-in circuit cards. Right now cards 
are on the shelf for all time code formats in use 
today, including IRIG Members A, B, C, and D; 
NASA 36-, 28- and 20-bit; Atlantic and Pacific 
Missile Ranges, Eglin, White Sands, etc. 


Using these standard modules, and combinations 
thereof, Astrodata supplies “custom” generators/ 
translators in the shortest possible time and for 


the lowest possible price. No costly engineering 


design is involved. 


Tee TIME CODE FORMATS 


New brochure includes all 


Astrodata’s approach also avoids early obsoles- 
cense. The user can add and subtract modules 
with ease; instead of a complete new generator 
or translator, he orders new cards as he would 
spare parts. As new.code formats are developed, 
Astrodata develops new plug-ins at once. 


We invite you to investigate, and will be happy 
to supply names of customers in your area. 


Example of Astrodata Time Code Equipment 


SERIES 6190 TIME CODE GENERATOR 


Available for generating all time code formats; stabil- 
ity, 1 part in 108 per day with internal frequency 
standard, also precise synchronization to external 
frequency standards; multiple, simultaneous serial 
time code outputs; 8 simultaneous pulse rate outputs, 
(1 mc per second to 1 per minute); 3 optional inter 
changeable plug-in power supplies (60 cps, 400 cps, 


28 v/dc); completely transistorized. 
E> ASTHRODATA INWO. 8°55 


Epsco-West 
ANAHEIM, CALIFORNIA 


commonly-used time code formats 
compiled for easy reference, and 
details on Astrodata equipment. 
For your copy, write to 

Astrodata, Inc., 240 E. Palais Road, 
Anaheim, California, 

Phone PR 2-1000 or TWX AH 5327. 
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Published for engineers and technical management men who are responsible for 


the design, application, and test of instrumentation and automatic control systems 





Steadying a Stabilized Platform 
E. H. PALLME and V. B. COREY of Palomar Scientific propose that miniature servo- 
balanced accelerometers can detect any motion with respect to inertial space. 


Classifying Plated Sheet 


]. B. CAMP of Tennessee Coal and Iron detects and removes random defective sheets 
with two magnetic drums working in parallel to the processing line to track and reject. 


Multiple Stream Sampling Systems Design 
L. E. MALEY of Waters Associates considers the many problems and alternative solu 
tions in getting several streams to one analyzer and in displaying their analyses. 


‘ ° . 
Cams in Control Systems 

H. A. ROTHBART of The City College, New York, discusses mechanical cam systems 
as potentially simple solutions for compensation and function generation in control. 


Data File 53—Transfer Function of a Stepper Motor 
]. P. DONOHUE of Bell Telephone Labs derives the transfer function of motors 


that convert pulse signals to shaft position, and views effects of parameter variations. 


Tape Programmed Camera Shows Fliers What They'll See 
A. S. KASHAR and D. A. DISPENZA of Kearfott use numerical control to produce 


motion pictures for training aircraft crews in recognizing Earth terrain with ease. 


Pneumatic Logic—III: Positioning and Sequencing 
E. L. HOLBROOK of Barker Instrument and Machine continues his series with cover- 


age of circuits containing logic and power gain for positioning and sequencing of loads. 
INFORMATION SYSTEMS 


Punched Card Equipment for Digital Computers 


CRESAP, McCORMICK and PAGET staff present second article—in its series—that 
compares the important characteristics of punched card equipment for 18 computers. 


Preserving Accuracy in Digital Data ‘Transmission 
R. F. SHAW of Digitronics investigates the nature of errors arising in transmision 
of digital data, and reviews error detection, error correction, and error prevention. 


Continued on next page * 





IDEAS AT WORK 
Computer Finds Transfer Functions Directly 
R,. W. LEVINGE of Wayne Kerr takes successive derivatives of input, output signals. 


Optical Scanner Spots Linen Stains 
BRUCE CROSS of McGraw-Hill News discloses details of automatic laundry inspection. 


Fast Voltage Regulation for Large Loads 
]. S. MALSBARY of Wagner Electric adds two voltages, keeps vector sum constant. 


Pulse Codes Control Subway Run 


L. R. ALLISON of Union Switch & Signal programs automatic subway service in NYC. 





WHAT’S NEW IN THE CONTROL FIELD 
Newsbreaks in Control 
FAA slows computer plans; solid state nuclear detector; buy automatic order filler. 


Analog Computers Bid for Process Control Role 


New special purpose devices dominated ISA show, which suffered another poor turnout. 
Control News Potpurri 

Rotating liquid in gyro; superconducting magnet; software simulates information system. 
Carla Douses Gulf Coast Instrumentation 


Hurricane’s worst damage was inflicted on process instruments and control equipment. 


Atomic Tests Stir Up Detection Dilemma 


Search for a sure method of spotting atomic explosions quickens as testing renews. 


Around the Business Loop 


Case for nonelectronic data handling; McDonnell diversifies with computer services. 





Control Personality—jAY W. FORRESTER 


Applies tools of control systems engineering to management in a radical new concept. 
Industry’s Pulse—Automatic Production Control Takes Hold 

CtE estimates sales should hit $7,000,000 this year with biggest growth yet in 1962. 
Editorial—Man-Years of Study: Who Pays for Them? 

For their own long-range good, users must pay for systems studies of their processes. 
New Product Developments 

Gas bearing allows greater capacity, reliability in memory drum of guidance computer. 


Abstracts of Technical Papers 


Use of feedforward technique and a dead time simulator increases process efficiency. 


10 Shoptalk 179 Catalogs & Bulletins 188 Meetings Ahead 
12 Feedback 185 New Books 191 Reprints 
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KEY SPECIFICATIONS 





FREQUENCY 
0 ¢ps to 100 mc WEIGHT 25 LBS. 


TIME INTERVAL 
0.02 usec to 109 sec 


* SEVEN BASIC FUNCTIONS, including dc to 100 mc frequency 
PERIOD measurements without heterodyning techniques + Time interval meas- 
0 cps to 10 mc urements with 10 nanosecond resolution * Straight or totalizing count- 
INPUT SENSITIVITY ing + Frequency ratio measurement + Period measurement » Sensitivity 
2 in alee better than 1.0v rms « Power consumption 50 watts « Decade count- 
down time base (no adjustments necessary) + Two year free service 
warranty « No vacuum tubes « Connector on rear providing standard 
1-2-4-8 BCD output for operating printer, punch, etc. 


GATE TIMES (FREQUENCY) 
1 usec to 10 sec in 8 decade steps or 
external. Reads in cps, kc, mc. 


Model 728B is a production unit, not a showpiece 
prototype. Demonstrators are now in the hands of 
CMC engineering reps. Call, wire or write to arrange 
ACCURACY a demonstration. Complete technical data plus a 
copy of our new 20 page short form catalog is yours 
for the asking. 


FREQUENCY OUTPUTS 
0.1 cps to 1 mc output in decade steps 


+1 count + stability 
+10 nanosecond + stability 


STABILITY . 
Short term: +1 part in 108 
Long term: within 5 parts in 108 


Computer 
Measurements 
Company 


PRICE, F.0.B. FACTORY 
$3,950; inline readout $200 extra 


12970 BRADLEY AVENUE « SAN FERNANDO, CALIFORNIA 
EMPIRE 7-2161 
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DYNISCO 


DIVISION OF AMERICAN BRAKE SHOE COMPANY 


42 CARLETON STREET 
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With a revolutionary concept in annunciator design, 
Edison is the first to offer both conventional and 
miniaturized systems, fully transistorized in com- 


patible cabinets for either console or panel mount- 


ing. Each annunciator circuit, including lamps and 
light box, is completely contained in a miniaturized 
channel-mounted plug-in module—a unique Edison 


development. The modules are entirely without IN MODULAR UNITS OF UNEQUALLED 


moving parts, and maximum reliability and excep- 
tionally long life are further ensured by derating RELIABILITY AND COMPACTNESS 


of all components. 


In addition to 4- and 8-point cabinets with minia- 
ture %4” by 112” nameplates, Edison’s new line of 
transistorized annunciators also includes 4- 
through 48-point cabinets with standard 2” by 3” 
nameplates. The miniaturized 4- and 8-point sys- 
tems are ideal for consoles or graphic panels where 
space is limited. Each of the readily interchange- 
able plug-in modules is engineered for the widest 
practicable range of applications, and for the ut- EDISON MODEL 361 Standard Annunciators 
most in thermal and mechanical ruggedness. And 
the basic modular design is calculated to facilitate 
growth in step with the increasing sophistication of 
your operating system. 


EDISON MODEL 360 Miniature Annunciators 





For complete technical data — and for information 
on how the new Edison annunciators combine the 
ultimate in protection with a dramatic reduction in 
over-all size — ask your Edison Representative or 
write for Catalog 3060. 


Thomas A. Edison Industries 
INSTRUMENT DIVISION 

38 LAKESIDE AVENUE, WEST ORANGE, N. J. 
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Technical information Series #1 
The 160-A Computer 
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160-A COMPUTER 


SMALL-SCALE COMPUTER WITH LARGE COMPUTER CAPABILITIES 


The 160-A is a parallel, single address data processor. Basic 
memory consists of two banks of magnetic core storage, 
each with a capacity of 4096 words and a storage cycle time 
of 6.4 microseconds. This basic memory can be expanded in 
modules of 8192 words up to a maximum of 32,768 words. 


Instructions with 12-bit operands are executed in one to 
four storage cycles, with execution time varying between 
6.4 and 25.6 microseconds. Average program execution 
time is approximately 15 microseconds per instruction. 
Other features of the 160-A Computer include: 

¢ Buffered input/output 

e Internal and external interrupt 

e External multiply and divide unit 

¢ Control Data 350 Paper Tape Reader 

e 110-character/second paper tape punch 

The 160-A weighs 810 pounds and is 6158” long by 30” 


wide by 29” high . . . the size of an ordinary office desk. It 
requires 16 amps, 110 volt, 60 cycles. 


A basic 160-A Computer System can be expanded to include 
the following external equipment: 
¢ Up to 40 magnetic tape handlers 
Input/output typewriters 
Punched card readers and punches 
Low-speed line printers (150 lines/minute) 
High-speed line printers (1000 lines/minute) 
Plotting and digital display devices 
e Analog-to-digital and digital-to-analog converters 


TYPICAL APPLICATION AREAS FOR THE 160-A COMPUTER 


The 160-A is a general purpose computer and can be used 
in an almost unlimited number of applications including: 


REAL-TIME APPLICATIONS 


The 160-A exchanges data with input-output devices at any 
rate up to 70,000 words per second. This transfer rate, an 
average instruction execution time of 15 microseconds, 
and the capability of buffering data while computing or 
while the operator manually enters data (whether the com- 
puter program is running or stopped) make the 160-A 
ideal for real-time applications. 


COMPUTER DIVISION 


CONTROL DATA 
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OFF-LINE DATA CONVERSION 


The 160-A is capable of controlling a variety of off-line pe- 
ripheral equipment. Available service routines permit: 1) 
card-to-magnetic tape, 2) magnetic tape-to-card, 3) paper 
tape-to-magnetic tape, 4) magnetic tape-to-paper tape, 5) 
magnetic tape-to-printer, and 6) plotter output operations. 


COMMERCIAL DATA PROCESSING 


Along with the capability of buffering input-output devices, 
the 160-A Computer system includes accessories for read- 
ing 1300 cards per minute, printing 1000 lines per minute, 
or filing 30,000 characters per second. 


DATA ACQUISITION AND REDUCTION 


The input-output circuitry in the 160-A Computer permits 
direct communication with analog-to-digital conversion 
equipment. Following transmission, the data can be con- 
verted, reduced, or formated by a stored program and writ- 
ten on magnetic tape for later analysis if desired. 


ENGINEERING-SCIENTIFIC PROBLEM SOLVING 


The high-speed, buffering, and interrupt features of the 
160-A make it exceptionally useful in engineering-scientific 
applications. 


COMMUNICATIONS AND TELEMETERING SYSTEMS 


The 160-A Computer, used as a high-speed, parallel proc- 
essor with decision-making powers, can be the principle 
element in communication and control networks. Proven re- 
liability of the 160-A is a prerequisite for such application. 


CONTROL DATA SATELLITE COMPUTER SYSTEM 


The desk-size 160-A Computer is an integral part of the 
Control Data Satellite Computer System. Working with the 
large-scale 1604 Computer and the 1607 Magnetic Tape 
Sub-System, the 160-A presents a new dimension of com- 
puter power added to its own speed and versatility. 


The Control Data 160-A is a small-scale computer with the 
speed, capability, and flexibility of many large-scale com- 
puters. For more detailed information, write for the 160-A 
Programming Manual. 


501 PARK AVENUE, MINNEAPOLIS 15, MINNESOTA 





new 


UNITY GAIN 
DRIVER 
AMPLIFIER- 


MODEL AD 123 


output current 
+10 V at +100 MA, 


frequency response 
>3 DB DC to 80 KC, 


double-level isolation 


A high-output current wideband 
booster for existing low-output 
current amplifiers, to drive gal- 
vanometers, servo valves and other 
instruments with low Z load re- 
quirements. IMPORTANT: Used 
with our Model IC130 Impedance 
Converter, input Z is greater than 
1,000 M2 with 100 ma output capa- 
bility. Thus, you may eliminate the 
need for a high-priced amplifier 
when used with our IC130 Imped- 
ance Converter to drive a galva- 
nometer recorder. 


GAIN & GAIN ACCURACY 
1.00 — accuracy within 1% at DC. 


OUTPUT IMPEDANCE — >1 ohm to 1 KC 
>20 ohms to 30 KC 


INPUT iS 
IMPEDANCE — 100,000 ohms minimum 


ISOLATION (DOUBLE-LEVEL) 
a) 60 cycle leakage current 
5 x 10-* amps rms 
maximum 
b) Circuitry to power line 
1 x 10° ohms minimum 
0.2 x 10°"? farads 
maximum 
c) Circuitry to power ground 
5 x 10°'* farads maximum 
1 x 10'° ohms minimum 
PLUS OTHER OUTSTANDING SPECIFICATIONS 


Write or telephone today for | 
our bulletin sce-2 5 


COMPUTER ENGINEERING | 
ASSOCIATES, an affiliate of 
Susquehanna Sciences, Inc. 
350 N. Halstead, Pasadena, California 
ELgin 5-7121 (or Los Angeles 
MUrray 1-9323, area code 213) 
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SHOPTALK 


Editor’s holiday 


Bus drivers are reputed to en- 

joy long rides in the country on 
their days off. Editors sometimes 
suffer from a similar addiction. 
At least one editor does anvw ay. 
In his spare time over the past 
tew years Chief Editor By Ledger- 
wood collaborated with Sid eat is 
to author the new treatise “Elec- 
tromechanical Components for 
Servomechanisms”. | McGraw- 
Hill Book Co., $11.50. 

We won’t comment here on the technical, organizational, 
or literary merits of this book. Such a review will appear in 
an early issue, pre pared for us by an “outside” servo specialist. 
All we'll do here, to give you an idea of the book’s contents, is 
to quote a little from the flyleaf: “In this practical volume, 
vou get facts and data that will help you to select rotating 
components and use them with full effectiveness in precision 
servomechanisms. It shows you what to look for in compo- 


nents you buy, how to specify them, and how to apply them 
for maximum reliability.’ 


News bureau serves readers 


Behind the scenes in the gathering and preparation of the 
news and technical features in this magazine is the McGraw- 
Hill News Bureau. Constituting eight foreign and nine do- 
mestic bureaus, ours is the third | largest privately owned news 
service in the world. In all, 66 full- ae staffers and numerous 
field correspondents serve McGraw-Hill publications, and as 
such all of them are on tap to initiate acuies to ControL 
ENGINEERING and to track down articles and news items 
sparked by CtE editors. 

The News Bureau in New York has direct Teletype com- 
munication with all domestic bureaus. Open telephone lines 
also connect NYC with W ashington, Cleveland, Chicago, 
and Detroit. Overseas, the Rescen relies on cable services to 
New York, plus 14 hour per day direct radio communication 
from Paris, Bonn, and London. From Los Angeles to Mos- 
cow, control news reaches us for publication. 


Young gets third degree 


In October, Senior Associate Editor Lew Young received a 
Master of Business Administration degree (major in market- 
ing, minor in economics) from New Y ork University. Lew, not 
one to fritter away his time, sports two other degrees: a Bache- 
lor of Science in Physics (1948) and a BSME (1950), both 
from Purdue University. 
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NEW 
BRISTOL SERIES 6100 
TIME DELAY 
RELAY 





7 TYPES OF LOAD CIRCUIT OPERATION 
ALL IN A SINGLE UNIT 


Bristol’s new Series 6100 gives you easy Contact the Bristol Distributor or Repre- 
application with exclusive flexibility. No sentative in your area. 
more complex wiring changes! Makecircuit SEND FOR HANDY TIMING 
changes in a jiffy, too. You can reach the CONTROL PRODUCT DIGEST 
; —complete range of Bristol 
motor, and other parts—in seconds. The Motors, Timers and Timing De- 
new “Bristol-Vision” dial is mounted in a_ vices for all your timing and 
square die-cast frame—provides better con- control applications. 
trast for better viewing plus functional 
, " LEADING SPECIALISTS IN 
beauty too. Non-scratch bevelled glass dial CSAC AND DC MOTORS 
cover won’t buckle, deform—seals against —from standard to ¥ 
t special configura- 
dust. Powered by famous duty-matched Cone Seignenso pene 
. ° specications. 
standard Bristol motor. Write for brochure. : 


BRISTOL ®&) MOTORS Division of Vocaline Company of America, Inc. / Old Saybrook, Conn. 
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Lb/min 
Gal/hr 
Ft/sec 
RPM 

Mach No. 


Now you can read them all... 
directly, instantly with 

Erie Instru/mation Model 740 
Frequency Counter and 
Preset Translator 


Model 740 is designed for monitoring any 
frequency to 120,000 cps and converting di- 
rectly to physical units using standard trans- 
ducers. One example is in flow. calibration 
systems for engines or turbines where |b/sec 
or gal/min of flow is a requirement. Rate 
measurement applications include flow, 
linear velocity and production monitoring 
(articles or volume per unit time). Physical 
units of interest (e.g. Ibs/hr) are displayed 
with in-line NIXIE readout. The Model 740 
can also be used as a preset time interval 
generator and periodic or random event 
counter. 

Modular construction, manual or automatic 
recycling and fine increment time base selec- 
tion are other quality features that make the 
740 an outstanding instrument. Write for 
complete technical information to: 


(ndleda/wnalen, 


ERIE PACIFIC, DIVISION OF 


FEEDBACK _ 


Error source in scanning systems 


To tue Eprror— 

The article in your April issue on 
“Collecting Process Data for an On- 
Line Digital Computer” was excel- 
lent and the authors are to be com- 
plimented on a clear job of presenting 
the information. 

They pointed out a number of 
areas in which errors can occur in 
such systems. However, the article 
did not cover one important source 
of error that could be encountered 
with the type of circuitry they 
showed: transient loading. A great 
many users discover too late the seri- 
ousness of this problem. The at- 
tached memo, I believe, points out 
the problem area. 

I should be interested in any com- 
ments that Messrs. Flugel, Tolin, 
and Parsons have. 

W. M. Gaines, Manager 
Systems Analysis 

Process Computer Section 
General Electric Co. 


Mr. Gaines’ memo on filter loading 


It is quite common in digital in- 
strumentation systems to have sepa- 
rate analog RC filters on each sensor 
(or at least on a number of critical 
sensors). As the digital system scans 
these points the finite input imped- 
ance of the analog channel is 
switched across the sensor filter. The 
circuit can be characterized as in the 
figure below. 

R; can be made much larger than 
R., or R, can be normally neglected. 
With this assumption the voltage at 
the amplifier input, e., will undergo 
a transient given approximately by the 
equation below when the amplifier is 
switched across the sensor filter. 


gue : 


) Be 


(2:=.1) 
1—- B +a 


=. . e~URiC1 
1—B+ea 
where t is in seconds, R, = yR,, C, = 


aC,, 8 = ay, Banda << 1,and BRC, 
= R.C,. The error in the coefficients 


e~ IBR,Cy — 


of the above equation is on the order 
of f, and the error in the exponent is 
of the order of a. 

The article by Fluegel, Tolin, and 
Parsons (CtE, April 1961) discussed 
an input circuit of this type. But the 
particular impedance values given 
would introduce errors in the readings. 

As an example: if the amplifier in- 
put RC filter has approximately a 5- 
millisec time constant and a sensor 
filter with a 2-sec time constant with 
the same impedance resistors being 
used, R.C, = 2, B = 1/400, «a = 
1/400 (values in the same order of 
magnitude as in the reference), 

€o =e; [1 —0.9975 et —0.0025 e~*?] 

The second term decays rapidly. 
However, the last term is very impor- 
tant. If we read (digitize) 50 millisec 
after switching, then the error in the 
voltage at the input to the amplifier 
will be on the order of 0.25 percent. 

If the time on the point before 
digitizing is extended to say 4 sec, the 
error in the above example has been 
reduced to approximately 0.2 percent. 
rhe latter value while small is still 
significant in a “0.1-percent’’ system. 

If the resistor in the amplifier input 
filter is made larger than the sensor 
filter resistor (while maintaining the 
same time constant), the errors are 
reduced. For example: if R, = 10 R,, 
the error is reduced to less than 0.025 
percent at 50 millisec after selection. 
This solution may not be a panacea 
unless the input impedance of the am- 
plifier is extremely high. 

The purpose of the preceding is to 
emphasize the care that must be taken 
in introducing additional filtering into 
the system that may transiently load 
sensor filtering. Impedance ratios that 
are quite satisfactory for normal static 
filtering situations can introduce ap 
preciable transient errors in scanning 
systems. It should also be noted that 
most high input impedance (> 100 
k) dc amplifiers achieve the high in- 
put impedance by some type of feed- 
back, and the instantaneous or tran- 
sient impedance can be much lower 
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NO 7y7/ST, TURN 


OR OFF-c ENTER SEATING 
OF CONTACTS IN THIS CONNECTOR 


The AMPin-cert* Blade Connector is staked down for stand pat positioning on the board 
... gives you positive alignment and perfect contact at all times! No board warpage either! 
The tab housing acts as a rigidizing member .. . keeps the board straight, level and true 
regardiess of environmental conditions and repeated insertions and extractions. These 
are just two of the answers that AMPin-cert Blade Connectors have for maximum relia- 


bility, lowest installed costs and trouble free performance. There are many more, for 
instance: 


® no paid-for but unused contacts with AMP's crimp type, snap-in design 


® guaranteed individual contact forces 


e large contact areas reduce connector pressures, avoid hard wear on plating and 
increase contact life 


® raised barrier sections and large contact cavities prevent moisture entrapment 
® recessed cavity construction eliminates need for sleeving 
® rigid metal guide pins assure perfect connector mating during insertion 


Complete details will be sent on request. *Trademark of AMP Incorporated 


ANP INCORPORATED 


GENERAL OFFICES: HARRISBURG, PENNSYLVANIA 


AMP products and engineering assistance are available through subsidiary companies in: Australia e Canada e England « France « Holland « Italy « Japan « Mexico « West Germany 
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new trom Lear 


MINIATURE SERVOS 


Frequency Response: To 400 cps 
Weight: As little as 12 ounces 
Torque: From 1 to 73 Ib-in 


Low control power requirements and zero backlash are 
achieved with no sacrifice in reliability. 

The LEAR 3170 series actuators are 

exceptionally suited for use in... 


¢ Computers 

¢ Valve Actuators 

¢ Rocket Nozzle Control 

¢ Missile Flight Control 

e¢ Analog-To-Digital Converters 


The LEAR 1333 TRANSISTORIZED 
AMPLIFIER with a 2” x 2%” x 3” 
envelope, is available for use with 

the 3170 actuator. The integral 

power supply requires only 115 

VAC for excitation. The LEAR 

4514 System, consisting of the 

3170 actuators and the 1333 
amplifier is AVAILABLE NOW. 


Write for Data Sheet 111-14 for 
further performance information. 











T SPEED WV RPM 


ouTPu 














MOTOR CURRENT ~ AMPERES 
(MOTOR VOLTAGE 27 Vv 0C) 

















OUTPUT TORQUE ~ POUND-INCHES 


PERFORMANCE CURVE 


LEAR 
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SELECTRO-MECHANICAL DIVISION 
910 (OMIA AVENUE, MW. GRAND RAPIDS 7, MICHIGAN 


FEEDBACK 


than the de impedance. This can 
introduce an effect similar to the tran- 
sient loading of the sensor filter by an 
input RC filter. The importance of 
this effect must be determined in a 
high accuracy system. 


The author's reply 


We agree with Mr. Gaines’ analysis 
of the sensor-amplifier. This error was 
not covered in our article. It was 
found and corrected in our system 
after the article had been written. Our 
solution was to reduce the value of 
the amplifier filter capacitor to that 
due to cable and amplifier input ca- 
pacity. This solves the problem since 
it is the ratio of the capacities (a in 
Mr. Gaines’ analysis) in the two filters 
which determines the error. Adequate 
filtering was still obtained with an in- 
crease in accuracy as described by Mr. 
Gaines. 

The actual error will probably be 
less than that indicated by Mr. 
Gaines’ analysis, since the amplifier 
filter capacitor will usually not be com- 
pletely discharged when connected 
across a sensor filter. 

We thank Mr. Gaines for his con 
structive criticism. 

E. D. Tolin 
Research and Development Dept. 
Phillips Petroleum Co 


They had hands in 


To THE Epiror— 

We have been reading “Punched 
Tape Runs Subway Trains” on p. 167 
of the March issue. This article de 
scribes equipment developed by the 
General Railway Signal Co. 

We would like to point out, how 
ever, that in this test project for the 
New York City Transit Authority, 
both the Union Switch & Signal and 
Air Brake Divs. of Westinghouse Air 
Brake Co. and the General Railway 
Signal Co. developed and tested equip- 
ment for automating the shuttle train. 
As a matter of fact, Union Switch & 
Signal equipment is installed at one 
end of the test train and General 
Railway Signal equipment is installed 
at the other end. Further, the auto- 
matic programmer mentioned in the 
article is one of the pieces of equip- 
ment furnished by US&S. 

In addition to work on automated 
subway equipment, the Air Brake Div. 
has developed a completely automated 
braking system for freight trains. This 
system was tested on the Canadian 
National Railways in 1960 in conjunc- 
tion with an automated propulsion 
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REVOLUTIONARY 
NEW 
CONCEPT 
IN 
RECORDING! 


For years instrument users have struggled with 
making their potentiometer recorders compatable 
with changing input needs. Today it may be 
necessary to measure temperature, tomorrow 
pressure. In order to be prepared to meet these 
changing demands it has been necessary to stock 
a number of recorders, or spend hours in modify- 
ing existing input circuits. 


This costly and outmoded instrumentation is 
no longer necessary! Westronics, Inc. now brings 
to the industry a totally new UNIVERSAL 
RECORDER featuring panel or table mounted 
EXTERNAL PLUG-IN input modules. Each has 
in itself a maximum of versatility. 


The Standard Universal Recorder is com- 
pletely self contained: for millivolt 
or thermocouple recording (c able 
by means of INTERNAL PL G-IN 
RANGE CARDS). 


By simply connecting one of the 
EXTERNAL INPUT MODULES to an 
existing receptacle on the rear of the in- 
strument, its uses are extended to: 
ADJUSTABLE SPAN AND ZERO, 
RESISTANCE BULB CALIBRATION, 
STRAIN GAGE MEASUREMENT, and 
MANY OTHER USEFUL FUNCTIONS! 


MODERN DESIGN 


Everything about the new Westronics Universal 
Recorder is modern. Nothing old fashioned about 
this one! Note these features: 


e COMPACT DESIGN (Only 854” high) 

e ZENER DIODE STANDARDIZATION 

© PULL OUT CHASSIS 

@ PLUG-IN AMPLIFIERS 

e BALL POINT PENS (That Really Work!) 

@ QUICK CHANGE CHART SPEED SELECTOR (No gears to change) 


QUALITY 


The new Westronics Universal Recorder fea- 
tures a servo system that uses ball bearings 
throughout. The pen carriage utilizes ball bearing 
motion on a precision ground track. No trouble- 
some sheet metal parts sliding on rods on this 
one. Smooth ball bearing floating action is what 
makes dependable Ball Point inking practical. 


VERSATILITY 


The new Westronics Universal Recorder is 
second to none in versatility. Available in 5” 
and 11” strip chart sizes, single pen, 2 pen 
and multipoints. 


ALL THESE FEATURES AND A COMPETITIVE PRICE TOO! 


CALL ON ONE OF WESTRONICS 23 SALES-SERVICE REPRESENTATIVES 
TO HELP YOU SPECIFY A WESTRONICS UNIVERSAL RECORDER TODAY. 


WU 


NOVEMBER 1961 


TWX FT 8248 U ° 


3605 McCART STREET ° 


VVE-o—S @ kel oi kot— Pam fo ko 


FORT WORTH, TEXAS 
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MUIRHEAD RANGE OF 
SYNCHROS—AT A GLANCE— 


This revised issue of the Muirhead Synchro Broadsheet is available to all those 


interested in servo engineering. Prepared for easy reference, it presents the 
brief specifications of Muirhead Control Synchros, Torque Synchros, Resolvers, 
Two-Phase Servomotors, Motor Tachometers, Tachometer-Generators, Linvars and 
Gearheads in Standard Synchro frame sizes. 


Also available— four sectional catalogues of data sheets giving full specifications 
on Control Synchros, Torque Synchros, Computing Components and Servomotors 
(Motor-Tachometers and Tachometer-Generators). 


SENT TO ANY PART OF THE WORLD ON REQUEST 
Write for your copy without delay 


MUIRHEAD 


MUIRHEAD INSTRUMENTS INC., 441 Lexington Ave., New York, 17, N.Y., U.S.A. 
Telephone: Murray Hill 2-8131 
MUIRHEAD INSTRUMENTS LIMITED, Stratford, Ontario, Canada 
Telephone : 271-3880 
MUIRHEAD & CO. LIMITED, Beckenham, Kent, England 
Telephone : Beckenham 4888 
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FEEDBACK 


system developed by General Motors 

Diesel Ltd. of Canada and an auto- 

mated speed sensing and signal system 

developed by General Railway Signal. 

R. T. Shafer, Air Brake Div. 

C. E. Lane, US&S Div. 

Westinghouse Air Brake Co 

For more detailed information on 

WABCO’s contribution to the sub- 
way project, see p. 135. Ed. 


Clarification from Japan 


To tHE Epriror— 

In regard to Mr. Brock Morton’s 
letter (about the Japanese Control 
Computer) in the June 1961 issue (p. 
14), I wish to state here the situation 
in Japan and give my opinion. 

Research and development on digi- 
tal computers started about 10 years 
ago in Japan and resulted in a unique 
parametron computer. The parame- 
tron and _ transistor computers were 
exhibited at the UNESCO IFIP Con- 
ference held in 1959 in Paris. 

Several companies which have the 
talent and facilities for manufacture 
plan to produce control computers 
with capabilities similar to TRW’s 
RW-300 as stated by Mr. Joseph 
Manildi (p. 16 of the same issue). 

I would also like to correct an error 
which appeared on p. 41, CtE, Febru- 
ary 1961. It says, “Process Control 
Computer was displayed by Yoko- 
gawa Instruments Co. It looks like, 
and is said to have similar capabilities 
as, the American TRW Computers 
RW-300.” This is incorrect. This 
unit is a “Process Data Logger’, a so- 
called “Cost Accounting Logger” de- 
signed to monitor and type out instan- 
taneous, mean, and integrated values. 

Owing to the incorrect description 
of the above unit, I regret that this 
has invited misunderstanding. 

Dr. Miyaji Tomota, Vice President 

Yokogawa Electric Works, Ltd. 
Tokyo, Japan 


Better than we said 
To THE Eprror— 

The Disc integrator referred to in 
the New Products of the August 1961 
issue (p. 138) can record 30,000 
counts per min on a strip chart rather 
than the 3,000 mentioned. 

We would appreciate your pub- 
lishing this information since it is this 
particular characteristic that makes 
this new component of value. 

Warren L. Perrine, President 
Disc Instruments, Inc. 
Santa Ana, Calif. 


CONTROL ENGINEERING 





Now, with one instrument, 
you can instantly measure 


Voltage Range: 


Frequency Range: 


Accuracy: 


Meter Scales: 


Probe Tip Furnished: 


Galvanometer 
Recorder Output: 


Power: 


Dimensions: 


Specifications 


10 mv rms full scale to 10 v rms full scale in 
seven ranges. Full scale readings of 0.01 
0.03, 0.1, 0.3, 1, 3 and 10 v rms 


500 KC to 1 GC with accessory probe tips 
Usable indications to 4 GC 


1 MC to 50 MC, = -3% of full scale; 50 MC 
to 150 MC, = 6% of full scale; 500 KC to 
1 GC, 1 db 


Two linear voltage scales, 0 to 1 and 0 to 
3, calibrated in the rms value of 
wave. Db scale, calibrated from +3 to 12 
db; 0 db 1 mw in 50 ohms 

411A-21E BNC open circuit tip, 500 KC to 
500 MC. Shunt capacity less than 4 pf. Max 
input 200 v dc. Input resistance at 10 MC 
typically 80 K ohms 


a sine 


Proportional to meter deflection, 1 ma into 
1000 ohms at full scale deflection 

115/230 v £10%, 50 to 60 cps, 35 watts 
Cabinet Mount: 1134” high, 7%” wide, 12” 
deep j 
Rack Mount: 6°, 
deep behind panel. 
i) 411A, (cabinet) $450.00 
mount) $455.00. 


high, 19” wide, 10%” 


) ALAR (rack 


Data subject to change without notice. 
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Price f.o.b. factory. 


1961 


1 mv 


at 


1,000 me! 


or any rf voltage 1 mv to 10 v, 
from 500 KC to 1,000 MC. 
Measuring is as simple as 
“touch and read;” resolution is 
high, thermal drift errors are 
virtually eliminated! 


Now, easily and dependably and with utmost accuracy, 
you can measure millivolts at rf frequencies — and on 
one simple-to-use instrument, @ 411A Voltmeter. This 
remarkable instrument has true linear operation (no 
correcting networks) and readings are presented on a 
large, mirror-backed linear meter. Temperature stability 
is such that there is virtually no change from 10° to 40° C. 

Specifications alongside indicate basic features of this 
important new, time-saving instrument. Other special 
features include (a) matched diodes protected against 
burnout (b) probe temperature compensated for low 
drift (c) ® amplifier photochopper eliminating contact 
noise, guaranteeing high sensitivity and zero-drift free- 
dom (d) extra probe tips available including a 500 KC 
to 250 MC tip; 100:1 Capacity Divider tip, and Type N 
Tee tip for coax use to 1,000 MC. 

~Why tolerate a complex, cumbersome voltmeter. Get a 
new # 411A into action on your bench now! 


HEWLETT-PACKARD COMPANY 


1061H Page Mill Road, Palo Alto, California, U.S.A, 
Cable “HEWPACK” DAvenport 6-7000 
Sales representatives.in all principal areas 
HEWLETT-PACKARD S.A. 


Rue du Vieux Billard No. 1, Geneva, Switzerland 
Cable “HEWPACKSA” Tel. No. (022) 26.43.36 
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NEW 


UNIVERSAL 
SERVO ANALYZER 


METHOD OF 10 APPLIED TO SCOPE’S APPLIED TO SCOPE’S 
MEASUREMENT MEASUREMENT 


INPUT 
SERVO SYSTEM VERTICAL PLATES HORIZONTAL PLATES 





50 cps to 6000 cps car- Modulated : 
Bowtie rier, modulated at rate Return ag mor 
of 0.001 cps to 100 cps Signal 





50 cps to 6000 eps car- Modulated Carrier 
ticcsous rier, modulated at rate Return — 
of 0.001 cps to 100 cps Signal nvelope 





a 50 cps to 6000 cps car- Modulated 

rier, modulated at rate Return Linear Sweep 
OF AC of 0.001 cps to 100 cps Signal 
SERVO —— = -——————__—_——-1—- 


SYSTEMS 


3 7| X 


= 
a) 

no 
c 





50 cps to 6000 cps car- Demodulated 
rier, modulated at rate Return Linear Sweep 
of 0.001 cps to 100 cps Signal 


S 


PJ 
va 

ty 
a 





50 cps to 6000 cps car- Demodulated 
Lissajous rier, modulated at rate Return a 
of 0.001 cps to 100 cps Signal 





Low-Frequency 
PHASE Bowtie Sine Wave — 15-ke Reference 


RESPONSE 0.001 cps to 100 cps Signal Envelope 
OF D-C 
SERVO Low-Frequency C. 
Modulated arrier 
SYSTEMS — Sine Wave Wave Return Reference 
y 0.001 cps to 100 cps Signal Envelope 











ZIYI x 7 


TRANSIENT Analysis of Returned Modulated or 

RESPONSE Square Wave, Triangular Function Unmodulated 

OF AC Wave, Ramp, or cy Retura Linear Sweep 
: é 

SERVOS Impulse Functions Signal 


os 
= 
® 
+] 





clit 


Analysis of Returned Modulated or 
Wave. T " Function 
a oe ar without Unmodulated 


Return 
Impulse Functions Carrier Signal 


Linear Sweep 


x 





Oscilloscope 50 cps to 6000 cps Modulated Linear Sweep 


Calibration Modulated. Carrier ‘Sonat (if desired) 





Oscilloscope Low-Frequency Modulated Linear Sweep 


Calibration Sine Wave Sanat (if desired) 

















POLARAD ELECTRONICS CORPORATION: 
The new Polarad MODEL SvV-1 
43-20 34th Street, Long Island City 1, N.Y. SERVO ANALYZER is a complete 
instrument for testing AC and DC 
servo mechanisms in all applica- 
tions. It combines a multiple pre- 
cision signal generator and 
oscilloscope. Internally generated 
reference signals are compared 
with servo outputs and are displayed 
visually for quick servo analysis. 


POLARAD 


ELECTRONICS SERVICE 


CORPORATION 


43-20 34th Street, Long Island City 1, N.Y. 
om am ab @> o> Om Om @ OD Ob @@ Oe ob mo ee oe oe Representatives in principal cities. © P.E.C. 





Please send me specifications and data on: f-10) 4-7-4 8) 


MODEL SV-1 SERVO ANALYZER 


My application is 








Name 





Company___ 
Address. 











City = Zone____ State. 
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A CONTROL PERSONALITY 


Jay W. Forrester 


management is a control loop 


Running a complex corporation today takes more 
than the intuition and experience of its top execu- 
tives. What’s lacking most often is a careful study 
of the over-all operation to spot the interactions 
between functions such as marketing, production, 
financing, and engineering. A decision made about 
marketing is likely to have an amplified effect on 
production, and there’s a time delay involved. 

That’s the unique opinion of Jay W. Forrester, 
a control engineer who has turned his inventive 
passion from computers to corporate management. 
He suggests a radical new approach to running a 
company in a new book “Industrial Dynamics” 
(MIT Press), just published. This MIT professor 
of management suggests that top executives should 
plan for the long range growth of their companies 
using the tools of control systems engineering. 

To Forrester a company is like a process, and 
best control results from considering the business 
as an integrated whole rather than working on bits 
at a time. He calls his new approach industrial 
dynamics: “recognizing the company as a system in 
which the flows of information, materials, man- 
power, capital equipment, and money set up forces 
that determine the basic tendencies toward growth, 
fluctuation, and decline”. 

Forrester first became interested in management 
while he was head of the Digital Computer Division 
of Lincoln Laboratory, guiding the military opera- 
tional planning and technical design of the Air 
Force SAGE system for continental air defense. He 
feels the laboratory’s contributions to managerial 
control outstripped the technical developments. As 
the SAGE project unfolded, he found both the 
military and contractor company organizations were 
not set up to view the project in all its aspects. 
For example, the design people were concerned 
only with design; the finance people with budgets; 
and the production people with manufacturing. 
Nobody looked at all the functions, at the whole 
system. From this observation it was a short step 
to industrial dynamics. 

The tools of Forrester’s industrial dynamics mirror 
his electrical engineering background. He received 
a B.Sc. degree from the University of Nebraska in 
1939 and a M.Sc. degree in Electrical Engineering 
from MIT in 1945. He joined MIT as a researcher 
in 1939 studying high voltages. In 1941 he trans- 
ferred to the servomechanisms laboratory and served 
as associate director from 1945 to 1951 directing de- 
sign of Whirlwind I and starting the MIT Digital 
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Computer Laboratory. 
Then he was head of 
Lincoln Laboratory’s 
digital computer group 
until he joined the indus- 
trial management school 
in 1956. 

While director of the 
Digital Computer Lab- 
oratory, he developed 
(and now holds the basic 
patent on) the method 
of “random-access, coin- 
cident-current magnetic 
storage’, today’s standard core memory device. 

Thus it is no surprise that the approach to indus- 
trial dynamics sounds familiar to an electrical engi- 
neer. Forrester studies a company so he can represent 
it as a block diagram that pictures the information 
flows, amplifications, and time delays. Then he cre- 
ates a mathematical model. His model differs radi- 
cally from those formed for management games or 
operations research, which he decries because of the 
tendency to oversimplify and linearize. In this con- 
ception, policy is the Laplace transform of the cor 
porate system. It tells you what output you can 
expect from any input. 

The payoff of industrial dynamics is likely to be 
unprecedented. Its inventor says the technique can 
double profit rate in many companies. And it is 
going to mean a startling change in the kind of top 
executive that runs a company. Today an executive 
works his way to the top through middle manage- 
ment. If industrial dynamics takes hold, the top 
executive will be a professional manager who has 
a Ph.D. in management with skills in electronic data 
processing, simulation, and feedback control. 

Forrester is training some of these managers to- 
day. The requirements and coursework are awesome. 
The ideal candidate, he says, already has a Masters’ 
degree in E.E. and some management experience. 

Reviewing the prospects for industrial dynamics, 
Forrester feels it will take over 30 years for his inno- 
vation to win widespread acceptance. The method 
is difficult and offers no panacea. The inventor 
warns those interested in it not to expect a cookbook 
recipe or “six easy rules” for better management. 
The crux is still a creative, imaginative top execu- 
tive who can use industrial dynamics as an enterprise 
design tool and who recognizes that management is 
a feedback control loop. 
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Nearly two centuries ago, Karl Gauss, 
“Prince of Mathematicians,” kept a diary 
which was destined to become one of the 
most significant documents in the history 
of mathematics. 

In his diary Gauss jotted down the 
results of elaborate calculations that had 
led him to fundamental discoveries in math- 
ematics. But he never published these 
discoveries, and many of them remained 
undisclosed during his lifetime. 


It wasn’t until almost 50 years after 
Gauss’s death that his diary was found and 
published. Much time and talent, mean- 
while, had been spent in duplicating Gauss’s 
efforts. Mathematical progress had been 
needlessly slowed. 


In contrast, today’s scientists and engi- 
neers are alert to the importance of sharing 
their findings through publication. In fact, 
the number of definitive papers published 


THE DIARY 
THAT 


¢ 


. “Gr = 
—™ IMPRISONED 


PROGRESS 


in a scientific or technological field has 
become a sure sign of the creative effort 
in that field. 

3ell Laboratories scientists and engi- 
neers publish more than 800 papers a year, 
reporting new observations and new think- 
ing in the arts and sciences that serve 
communications. They have also authored 
more than 50. technical books, many of 
which have become standard works of ref- 
erence. The steady stream of new informa- 
tion that comes out of Bell Laboratories 
again reflects the scope and depth of the 
creativity that works to improve Bell 
System communications. 


BELL TELEPHONE LABORATORIES 


World center of communications research and development 
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Newsbreaxs 
In Control 


FAA Slows Computer Plans 


Washington—Federal Aviation Agency has reversed plans to install its 
data processing central next year. The Librascope computers, intended 
for the Boston Air Route’ Traffic Control Center (CtE, April '61, p.24), 

will stay at Atle antic City for what FAA calls “further evaluation”. At 
stake is the agency $ whole computer concept for air traffic control. Project 
Beacon study group, appointed by FAA administrator Nageeb Halaby to 
review FAA’s technological approach to air trafic combed. is reported to 
have recommended against the .DPC system developed by FAA 


New Solid State Geiger Counter Studied 


Los Angeles—National Space and Aeronautics Agency has awarded < 
study contract to Solid State Radiations to develop a “solid state geiger 
counter ’, using the avalanche process in sbetlieetdietlets The device will 
mean a coutiderable simplification and miniaturization compared to tubc 
geiger counters now used. 


Nuclear Plant to Have Instrumented Fuel Assemblies 


Pleasanton, Calif.—First instrumented high-power density fuel assemblies 
will measure in-core steady state and transient hvdrodynamic characteris 
tics of the boiling water reactor at Consumer Power Company’ s atomic 
plant. Built by General Electric Co., the fuel assembly will have a variety 
of sensors built-in, including outlet and inlet flowmeters to measure 
coolant flow and steam production rates, coolant inlet and outlet thermo 
couples to measure temperatures, and pressure taps to determine pressure 
drops across the assembly. 


Lilly to Install Automatic Order Filler 


Indianapolis—Eli Lilly Co., pharmaceutical company, will install an auto 
matic electronic order filling system in its warehouse sometime next year. 
lhe company has ordered a version of the system built by Industrial Elec 
* tronic Engineers and installed at Brunswig Drug Co. in Los Angeles in 
1958 (CtE, March 1958, p. 20). IEE, discouraged when the Brunswig 
installation did not pan out because of a change in marketing require 
ments, apparently is set for another try at automatic warehousing 


U. S. To Aid Medical Instrumentation 


Washington—Regional instrumentation centers for biological and medical 
reaeanch will be set uP over the next few years. The centers will be 
sponsored by the U.S. government’s National Institutes of Health and 
will serve widely scattered research laboratories with facilities, such as 
electronic data processing, that are too expensive for a single laboratory to 
purchase, operate and maintain. 
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Empty aisles at this year’s ISA show saw 


Analog Computers Bid 
For Process Control Role 


New special purpose devices dominate the 1961 ISA Show. 


Exhibitors worry anew about fading attendance. 


LOS ANGELES 

At last year’s annual Instrument 
Society of America show, frustrated 
visitors talked about the prospects for 
special purpose control computers, few 
of which were on display. The makers 
responded to those complaints. This 
vear, special purpose analog control 
computers dominated an otherwise 
lacklustre ISA show. 

Both pneumatic and electronic an- 
alog modules were offered in building- 
block form for a variety of control ap- 
plications: to solve simple problems 
in conventional control systems; to 
condition signals; and to make the 
computations associated with analyti- 
cal instruments, such as chromato- 
graphs, prior to entering them into 
1 digital control computer 

\t this year's show, pneumatic com- 
puting units outnumbered electronic 
ones. The reason: several companies, 
well-established in the controller busi- 
ness, repackaged their pneumatic con- 
troller elements so they could be used 
in modular computing form. 

e New air adder—A radical new in- 
novation, however, was the APAC 
pneumatic computing module intro- 
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duced’ by the AiResearch Manufac- 
turing Div., The Garrett Corp. APAC 
operates on conventional force-balance 
techniques. Because its aluminum ele- 
ments are precision machined and its 
modules are fairly large, APAC 
achieves unusual accuracies; its maker 
claims an accuracy of 4 percent pet 
module over full signal range. 

Modules can be converted from one 
function to another by revising the 
internal arrangement of levers, dia- 
phragm-containing signal carts, and 
other elements. Depending on the 
arrangement, a unit performs required 
computations such as addition, sub- 
traction, multiplication, square root, 
and integration—with several functions 
possible in one module. 

Although AiResearch will sell indi- 
vidual modules, the company’s mat- 
keting strategy is to mechanize a uset’s 
equations and supply a complete pack- 
aged pneumatic computer. Individual 
modules are expected to sell from $395 
to $600 each when they become avail- 
able after the first of the year. 

Other new analog control comput- 
ing equipment was introduced by 
Moore Products, Electronic Associates, 


and Minneapolis-Honeywell. Moore, 
the original prime mover behind mod- 
ular pneumatic control computers, 
showed a new peak-seeking optimizet 
designed to control at the peak of a 
parabolic-shaped curve relating two 
control variables. 

e Electronic modules — Electronic 
Associates’ new process computer puts 
the standard elements from their desk- 
top transistorized analog computer 
into a new, role. These modules are 
packaged in a panel-mounted case 
with the plug-board on the back side 
of a swingout panel holding the am- 
plifiers and other elements. At the 
show, a computer inferentially meas 
ured the flow of a very high-pressure 
fluid, by measuring the temperature 
drop and flow of another fluid through 
a common heat exchanger. This con 
figuration carried a price tag of $4,000 
or a rental of 3 or 4 percent of the 
purchase price per month. 

Additions to the Minneapolis- 
Honeywell Electric Tel-O-Set line 
include both electronic and electro 
mechanical analog computing mod- 
ules. The company also showed 
special controllers, recorders, and indi- 
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cators for digital computer control 
systems. The computing units in- 
clude multipliers-dividers, signal delay, 
square-root extractor, adder-subtractors, 
and integrators. Among the special 
control accessories: a controller with 
limit stops, and an indicator with set- 
point changed by moving a vertical 
scale so that all horizontal pointers 
line up when all variables are at set 
point. This last device was developed 
for Monsanto Chemical Co.’s Choco 
late Bayou satellite-ccomputer control 
project. 

e New tricks—Established control 
makers exhibited a resurgence of in- 
terest in the basic pneumatic analog 
computing elements that make up 
their standard controller line. Bailey 
Meter, Foxboro, and Taylor Instru- 
ments have repackaged pneumatic 
computing elements in modular form 
to supply special purpose computers. 

Other highlights at the show: 

> New all-electric valve actuators. 
Foxboro exhibited a unit manufac- 
tured for it by Diehl on an exclusive 
license for one year, after which Dieh! 
can sell it to anyone. The actuator has 
a standard two-phase ac motor drive 
through a recirculating ball leadscrew 
with potentiometer feedback of the 
valve stem position. Limiting velocity 
is 1 in. in 5 sec. Price $600. Lear in- 
troduced an actuator with a double 
magnetic-particle clutch drive similar 
to that employed in Lear autopilots. 
Speed is about five times faster than 
the Foxboro unit but apparently some 
users question the reliability of con- 
tinuously rotating motor and clutches 

>» New in-line digital blending sys- 
tems. Electronic control of blending 
processes for the petroleum and chem- 
ical industry is winning new popu- 
larity. Digital techniques were dis- 
played by two companies: Fischer and 
Porter and Foxboro-Waugh. Foxboro 
aims at a low cost installation. A sig- 
nal flows from a digital comparator to 
a control valve through an adjustable- 
gain pulse-to-pneumatic signal con- 
verter. The F and P system converts 
to analog error signal in a digital com- 
parator and feeds the electronic con- 
troller which controls the valve, 

> New digital display by Infonetics 
Corp. has magnetically-driven pivoted 
elements in conventional seven ele- 
ment number display technique. Ele- 
ments—black on one side, white on 
the other—contain Alnico magnets and 
pivot to display one side or other de- 
pending on the polarity of the driv- 
ing relay coil. The display is avail- 
able in heights from 3 to 24 in. and 
larger. A security feature: magnetic 
bias retains the last reading even if 
the power fails. Potential applications: 
low-speed, low-cost display. 

¢ Failing attendance — Aside from 
these innovations, an atmosphere of 
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gloom enveloped the 1961 ISA Show. 
i:xhibit management expected an at 
tendance of 20,000, but less than 
15,000 registered for the exhibits, 
about the same number as last vear. 
Several exhibitors flatly stated that it 
was the worst show they had ever at- 
tended and almost all that were ques- 
tioned expressed disappointment. 

Booth areas were smaller than ever 
before at an annual ISA show and 
many of the usual frills were missing. 
I'hose who had attended both WES 
CON in San Francisco in August and 
the ISA Show were continually com- 
paring the more than 900 Wescon 
exhibits with the 300 ISA booths, and 
the 30,000 Wescon attendance with 
the empty aisles at ISA 

One problem was the geographical 
separation of the exhibits at the Sports 
Arena and the technical sessions at 
the Hotel Biltmore, 20 to 45 minutes 
by bus depending upon traftic condi- 
tions on the famous Los Angeles free- 
wavs. Because the technical sessions 
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were probably the best that ISA has 
ever had at an annual meeting, engi- 
neers attended the meetings heavily, 
but skipped the show he time 
consuming bus trip and long waits for 
buses cut out the usual back-and-forth 
trafic. 

In addition, the manufacturers re- 
belled against show frequency at the 
exhibitors’ meeting. ‘They were not 
even placated by ISA’s return to one 
annual show a vear in 1962; instead, 
they unanimously voted for a show 
every other vear. While there is se- 
rious doubt that this resolution will 
take effect, at least in the next few 
vears, the indication is clear that 
trouble looms ahead for the 
ISA Show unless the quality and quan- 
tity of registrants improve 

—B. K. Ledgerwood 
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Liquid Replaces Wheel 
in New Gyro 


NEW YORK— 

A spinning mass of liquid, confined within a hollow sphere, takes the 
place of the conventional rotating wheel in a new gyro design announced 
last month by the Sperry Gyroscope Co., Div. of Sperry Rand. 

Because of the stability of the spinning liquid inside its simple rotor 
assembly, and the reduction of the number of bearings, the two-axis SYG- 
2000 has no precision-made parts. Im fact, the unit contains half the 
number of parts in previous inertial designs. 

As the fluid spins at the same speed and around the same axis as the 
gyro motor, any angular movement of the rotor from this axis induces 
a pressure change between the fluid and the cavity wall. Pressure is sensed 
by a series of diaphragms buried in the rotor-cavity assembly and opened 
to the fluid through pickoff ports in the cavity walls. The diaphragms 
act as little microphones converting pressure variations to electrical sig- 
nals. These are amplified and fed to servo motors that hold a platform 
stable. 

Expected price of the new gyro: less than $2,000 per unit. 


Build First 
Superconducting Magnet 


PITTSBURGH- 

The first superconducting magnet ever built has been successfully 
demonstrated at the Westinghouse research labozatories. It is the shape 
and size of a doughnut and weighs about a pound, but it creates a mag- 
netic field twice as strong as that from a conventional iron-core electro- 
magnet as large as an automobile, weighing 40,000 pounds, and operated 
to saturation. 

Such a magnet has been the goal of researchers for years. The big 
problem was to find a superconducting material that could be formed into 
a wire and was not so brittle that it would shatter. Westinghouse’s answer 
is a niobium-zirconium base alloy, drawn into wire about the diameter 
of a sewing thread. The coil made of a half mile of this wire is immersed 
in liquid helium so that it operates near minus 450 deg F. 

Westinghouse predicts plenty of applications for the new superconduct- 
ing magnet. One possibility: it may make possible a new kind of mag- 
netic bottle required in the direct conversion of atomic to electrical 
energy by fusion. 


Software Simulates 
Information Systems 


NEW YORK— 
Proposed information systems can be simulated in a fraction of the 
time formerly required with a new packaged program developed by IBM. 
Called the GPS Program (General Purpose Simulation), it cuts out the 
writing of a special program normally required in a simulation effort. 

The procedure is to lay out the system in block diagram first, defining 
the various steps and the order in which they occur. Then the block 
diagram information is converted to punched cards and serves as the input 
data to the computer. As the program runs, the computer can answer 
such questions as “Does the system have adequate capacity?”, or “What 
delays occur and what effect do they have?”, or “What happens when 
loads and operation speeds are varied?” 

The CPS page has been designed for the IBM 7090 computer. 
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New electronic sorting system handles 
60 bags of mail per second for the 
Southern Pacific Co. at the railroad’s 
West Oakland terminal. Built by 
Link-Belt, the system has six electroni: 
dispatch stations. Mail bags are 
moved into the individual cars of a 
Trukveyor system and the car is 
dumped by the electronic control at 
the proper time. 
e 


Electronic control is now available for 
paving machines used in road build- 
ing. The two axis system controls 
grade and slope to produce a perfectly 
smooth surface regardless of how 
rough the preliminary road bed is. 
Built by Minneapolis-Honeywell, it 
can direct the laying of either asphalt 
or concrete materials. 


First application of continuous con- 
touring numerical control to filament 
winding machines has been made by 
Thompson Ramo Wooldridge at the 
Rohr Aircraft Corp. The all-transistor- 
ized control runs a machine that winds 
missile fuel tanks out of fiber glass 
thread. 


Ramac computer is being installed at 
a “discount food center” in Oklahoma 
City to manage inventories and auto- 
matically order supplies. ‘fhe com- 
puter in the store is connected by tele- 
phone to a wholesale warehouse. 


* 

Proof of reliability of high speed data 
transmission builds up. In California, 
North American Aviation has tripled 
the speed of transmission of the micro- 
wave connected computer net it es- 
tablished in 1960. Current transmis- 
sion speed: 41,700 characters per sec. 
In Amsterdam, New York, Mohasco 
Industries, a carpet manufacturer, re- 
ports it has transmitted 1,000,000 
words of data without an error over 
telephone lines. Mohasco transmits 
manufacturing production instructions 
from its central production control 
and order department headquarters 
in Amsterdam, New York to its man- 
ufacturing division in Greenville, 
Miss., 1,200 miles. Transmission 
rate is 1,000 words per minute. 


First integrated automatic production 
line to manufacture automobile fen- 
ders from sheet steel is being shipped 
to Japan. Built by the Clearing Div., 
U.S. Industries, it will perform six 
operations in the Tokyo plant of Nis- 
san Motor Co., Ltd. The line consists 
of six presses connected by automatic 
transfer mechanisms. Production rate: 
1,200 pieces per hour. 
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REPLACE CRYSTAL CANS 
WITH ENCAPSULATED 
REED RELAY RELIABILITY 


The first 
DUN 
ara REED RELAY te “nackaged’”’ line! 


Used for signalling and switching 
under dry circuit conditions as in 
military ground control and similar 
- Eee REED RELay ——— equipment, Struthers-Dunn encap- 
a io sulated reed relays out-speed, out- 
perform and outlast crystal can and 
other conventional relay types. 


Standard types (left) 
. with 15 watt contacts; up to 20 poles; 
pee wee ELA = = body length 17%”. 
Miniature types (right) 
. . with 4 watt contacts; up to 12 poles; 
body length 1.062”, 


Contamination-proof contacts 
. Reed switches with gold contacts her- 
metically sealed in glass tubes. 


DUN ? 
wre REED R RELAY — Complete mechanical protection 


0H ws 


. Switch assemblies with surrounding 
operating coil encapsulated in epoxy. 


Only 1 moving part per pole! 


From 1 to 2 millisecond operation 
. depending on type. 


From 20 to 200 million operations 
. Life determined by size and loads. 


Mount in any position 
. Ideal for either panel or printed board 
wiring. 


Write for Data Bulletins: RR-2 for 
standard sizes; MRR-1 for miniatures. 
Address: Struthers-Dunn, Inc., Pitman, N. J. 


STRUTHERS-DUNN 


PIONEERS IN RELAY RELIABILITY 


Sales Engineering Offices in: Atlanta e Boston © Buffalo © Charlotte e Chicago e Cincinnati © Cleveland © Dallas © Dayton @ Denver © Detroit © High Point 
Kansas City © Los Angeles * Montreal © New York e Orlando © Pittsburgh ¢ St. Louis © San Carlos © Seattle © Toronto © Export: Langguth-Olson Co., New York 
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WHEN QUALITY 
IS A MUST 


Stromberg-Carlson’ 


TELEPHONE-TYPE 
COMPONENTS 


RELAYS: Wide range, for electro- 
mechanical switching. Send for 
Bulletin T-5000R2. 


KEYS: Cam-type and push-button. 
Send for Bulletin T-5002R. 


STEPPING SWITCHES. Fast and de- 
pendable. Bulletin T-5001R 


— 


JACKS & PLUGS: For many electri- 
cal and electronic uses. Send for 
Bulletin T-5003. 


TELEPHONE HANDSETS: Standard 
or with switch assemblies. Send 
for Bulletin T-5017-R. 


For bulletins and more information 
contact the nearest Sales Branch 
office: Atlanta—750 Ponce de Leon 
Place N.E.; Chicago—564 W. Adams 
Street; Kansas City (Mo.)—2017 
Grand Avenue; Rochester—1040 
University Avenue; San Francisco— 
1805 Rollins Road. 


GENERAL DYNANICS 
TELECOMMUNICATION 
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Carla Drenches 
Gulf Coast 


Instrumentation 


Dousing instruments and controls in seawater caused some of 
the worst hurricane damage suffered by Gulf Coast chemical 
and petroleum processing plants. Almost anything electrical or 
electronic was damaged. Pneumatic lines were seriously af- 
fected too. Instrument engineers fought round-the-clock to get 


their gear back in operation. 


HOUSTON— 

When oil and chemical men rem- 
inisce about Hurricane Carla in the 
future, they are sure to remember 
most sharply what this tropical storm 
did to plant instrumentation and con- 
trol. ‘The storm struck hardest be- 
tween Texas’ Matagorda Bay and 
Galveston Bay, smashing against some 
of the U.S. biggest plants. As vet- 
eran instrument engineers dried out 
control and instrument lines, most 
could hardly believe the extent of 
the damage. The President of the 
Dow Chemical Co. told his stock- 
holders that the company’s Freeport 
(Tex.) $750 million plant’s most se- 
rious damage, the result of the break- 
ing of two levees, was to instrumen- 
tation and control. Dow’s control 
rooms ended up almost underwater. 

Most engineers found instruments’ 
immersion in saltwater and then ex- 
posure to air devastating. Said the 
electrical service manager of one sup- 
plier which was working 24 hours a 
day, “Practically everything in the 
way of instruments and controls was 
affected.. Many of these devices were 
corroded beyond repair within a mat- 
ter of hours.” 

Damage included control panels, 
switch gear, electrical motors, circuit 
breakers, relays, computer compo- 
nents, ‘recorder-controllers, transform- 
ers, diodes, tubes, capacitors, con- 
densors, soldered wiring, and bearing 
chart drives. 

¢ Water did it — The hurricane’s 
winds, normally the great damage 
wreckers, did little hurt to the Gulf’s 
plants which were braced for Carla’s 
coming. But completely unexpected 
was the impact of tides that climbed 
14 feet over normal levels. 

Damage estimates were slow coming 
in because companies were concen- 
trating on the job of getting produc- 
tion started again and because nobody 


in the Gulf Coast area had ever seen 
such damage. One expert told CtE, 
“It looks like galvanic action was tak- 
ing place inside the instruments with 
the seawater acting as an electrolyte 
between dissimilar metals. It is hard 
to tell because nobody here has ever 
seen anything like this before”. 

One of the process companies’ big 
concerns now that emergency rehabili- 
tation has been completed is that 
Carla’s aftereffects will be showing up 
for a long time. “It may take us 
months to learn how much damage 
was really done”, said one engineering 
supervisor. “Some of this corrosion 
won't break loose and clog up the 
works immediately, but when it does, 
we'll have trouble. And in spife of 
all our efforts, many of these control 
systems still have salt in them. Chem- 
ical action will be eating them away 
for a long time.” 

e Trouble points—One of the hard- 
est hit spots was Dow Chemical’s Free- 
port plants A and B. Here, the hurri- 
cane waters submerged thousands of 
pieces of apparatus and instruments 

In the height of the cleanup Dow 
was sending equipment as far off as 
New Orleans and Dallas for drying 
out. Its own plant maintenance shop 
was using every available drying oven. 

Texas City Refining suffered an 
added blow. Seawater washed two 
feet of Bunker C oil and waste from a 
five acre pit into the plant. One official 
said “We suffered three times as much 
damage as we received from the 1947 
Grand Camp explosion.” In some 
part of the refinery the seawater-oil 
mixture was 9 ft deep, covering all 
control and instrumentation. 

M. B. Gibson, instrument and elec- 
trical foreman at the Texas City 
plant, described the damage: 

“The water and sludge saturated the 
wiring. Water was sealed in and 
stayed there. The mixture damaged 
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TALLY +eaders fly in “Space Secretary” 


The U.S. Army Courier Satellite a space secretary? Sure. It can 
one day take down a letter from San Francisco and deliver it to 
Paris in a few minutes. No errors, either. One of the instruments 
that makes this possible is the Tally paper tape reader, especially 
designed for airborne operation. There are two such Tally readers 
aboard the Courier satellite. They weigh just 9 pounds, but each is 
capable of reading 16 channels of tape...a significant advance in 
the state of this particular art. 


The satellite readers were built by Tally for the Western Develop- 
ment Laboratories of Philco Corporation, which designed and built 
the satellite for the U.S. Army Signal Research and Development 
Laboratory at Fort Monmouth, N. J. 


According to Philco engineers, the simple design and reliable oper- 
ation of Tally readers led to their selection for the Courier Project. 


You will find the same simplicity and reliability in Tally’s standard, 
earthbound readers. In fact, they’re used in ground stations trans- 
mitting and receiving Courier messages. 


Write for our tape reader literature. In the meantime, here are some 
interesting specs on the Courier readers to whet your appetite: 


ENVIRONMENTAL 

VIBRATION (NON-OPERATE) 5 cps at 2 grms to 2000 cps at 10 grms with 
.4 inch double amp max. (OPERATIVE) To 1000 cps at 3 g’s. TEMPERA- 
TURE —40°F to +130°F. ALTITUDE 200.000 ft. or better. HUMIDITY At 
95% RH 130°F. ACCELERATION 15 g’s one axis 4 g’s two axis. 


GENERAL 
Seas shee Gee WEIGHT Nine Ibs., including tape. PHYSICAL SIZE 14” long, 712” wide, 
used in Project Courier Satellite, de- 4” deep. POWER REQUIREMENTS 28v DC, 150 MA. STEPPING RATE Two 
Venpae Sy See, See ae steps per minute max. READING Bi-directional. SWITCHING Form C 
switching providing an assert or negate status of each code bit being 
read. Switching activated by ‘‘star wheel’’ tape sensors. 


—" TA] J iY TALLY REGISTER CORPORATION 


SEATTLE 1310 Mercer Street + Seattle 9, Washington + MAin 4-0760 


Come to Seattle’s Century 21 Exposition, April 21-October 21, 1962 
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... any tube that went under- 


water was through... 
This Tape Recording shows the actual “ : 
deviations in Linearity of Resistance : : fuses, relays, and electronic recorder- 
present in a representative length of HES controllers. Small springs and other 
Se Saar wes Reng & eae ’ tiny parts in instruments just seem 
of 105,750 ohms. Note that greatest : ; } y : 
change recorded was6ohms—whichis & a 7g a to fall apart. We have had to replace 
well within Hoskins Guarantee of .012% fetes ep | all bearings. Input and power trans- 
maximum deviation in any 250 feet. eee ses a an formers were hard hit too. Surpris- 
ingly, some capacitors and resistors in 
our power supply equipment seemed 
to hold up well. Vacuum _ tubes 
weren't as lucky. Any tube that went 
underwater blew out. In fact, no elec- 
tronic or electrical equipment that 
was underwater was left in working 
condition, not even our specially pro- 
tected explosion-proof motors, because 
the water ruined the bearings. 

‘Pneumatic equipment — recorder- 
controllers and transmitters — should 
have weathered the immersion, but 
we lost air pressure. As a result, all 
our pneumatic gear was damaged too.” 

But Texas City Refining’s biggest 
loss may have been a newly installed, 
process control computer, not yet oper- 
ational when hurricane Carla struck. 
It was submerged and will have to be 
entirely rebuilt. 

e Suppliers pinched—Contro! sup 
pliers worked at fever pitch to effect 
emergency repairs. |Westinghouse’s 
Houston Maintenance and Repait 
plant was doing as much work each 

Basie Pundiién 61.0 osbadtiometer iste s day as it previously had done in a 
control voltage in a circuit by varying 5 papi aerpae ets month. And the plant manager esti 
electrical resistance. Thus use of wire Pater e mates it will take six weeks to com- 
Wien SOGRINES aupetter eoutreted plete its backlog of repairs. Westing 
Linearity of Resistance assures finer : # . 
accuracy and reliability of operation house put all its plants on a standby 
proportional to shaft rotation. fy EEE ues basis to furnish replacement and spare 
parts to the Houston facility. The 
company flew in a hundred skilled 


Three reasons why - as workers from Florida, New York, 


you should specify Pittsburgh, St. Louis, and Denver to 
y help speed repairs. 





ss General Electric brought in 75 
Ho skins rome - men and transported extra equipment 
by plane and truck from all over the 

Premium Potentiometer Grade 800-Ohm Wire United States. 

The Foxboro Co.’s Houston shop 
carries an especially large inventory of 
spare parts and instrumentation equip- 
ment because of the concentration of 
process plants in the area. But “Carla 
ran us out pretty fast”, said Ward 
Little, plant superintendent. The com- 


Sample spools of Chromel-R with detailed technical data are pany has been airlifting parts from 

now available to potentiometer manufacturers for evaluation. Dallas, Pittsburgh, and Foxboro, Mass. 
Requests on company letterhead will receive prompt attention. — ‘ 

Six weeks after the storm had 

passed, insurance adjustors still had 

HOSKINS MANUFACTURING CO. not been able to total the damage. 

4445 Lawton Avenue « Detroit 8, Michigan « Tyler 5-2860 : But hurricane Carla seems sure to 

In Canada: Hoskins Alloys of Canada, Ltd., Toronto, Ontario = have washed up a staggering sum. 


Producers of Custom-Quality Electrical Resistance, 7 —Glen Green 
Resistor and Thermoelectric Alloys Since 1908 McGraw-Hill News 


First, its fine linearity of resistance is controlled to the closest 
standard of uniformity ever established for potentiometer wire 
as specified above. Second, it is unconditionally guaranteed to 
have less than 40 ohms of equivalent noise resistance when re- 
ceived at your plant. And third, it possesses the superior wire 
roundness required for more uniform winding of mandrels. 
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Atomic Tests Stir Up 
Detection Dilemma 


Seismic measurement, magnetic field determinations, and 
gravity examinations are all being considered to spot 
atomic blasts. But a sure-fire system is still undeveloped. 


WASHINGTON— 


Atom bomb testing, started again 
in September, has brought back into 
the technological spotlight what is 
probably today’s toughest and most 
critical measurement problem: how 
to detect with 100 percent reliability 
a nuclear explosion, no matter where 
the blast takes place—in space above 
the Earth’s atmosphere or under- 
ground, Although detection is in the 
technical spotlight, the subject is not 
up for open discussion. At the U. S. 
Atomic Energy Commission and the 
Defense Department, reporters search- 
ing out information on nuclear blast 
detection run into a wall of secrecy. 
An engineer or physicist with an 
idea for sure-fire detection is likely 
to be kept as closely secreted as the 
fictional inventors of aircraft bomb- 
sights during the early days of World 
War II. 

There is a wide difference between 
spotting an underground blast and 
one in outer space. Detecting under- 
ground explosions is by far tougher. 

e Muffling underground—Practically 
all the techniques for spotting atomic 
explosions underground depend on a 
seismic measurement of the explo- 
sion’s shock waves which are trans- 
mitted through the earth’s crust. If 
an atomic device is placed in a hole 
the same size as the device and det- 
onated, its shock waves are easily 
detected. But if the device is placed 
in the center of a large underground 
cavern and exploded (what scientists 
call decoupling or muffling), its shock 
waves can be as small as 1/300 the 
shock waves of an unmuffled explo- 
sion. And this could make them so 
small they could not be distinguished 
from small earthquakes. 

That, then, is the kernel of the 
dilemma—how to differentiate small 
underground blasts from earthquakes. 

The seismograph — an instrument 
that detects and records small vibra- 
tions in the earth’s crust by charting 
the relative motions between a large 
mass suspended from a frame and the 


frame which moves with the earth— 
can detect about 90 percent of the 
earthquakes that produce seismic sig- 
nals equivalent to an unmuffled under- 
ground explosion of 5 kilotons or more. 
This would leave almost 1,000 earth- 
quakes a year that might be suspected 
of being nuclear explosions. 

About the only sure way to differ- 
entiate such unidentified shocks is by 
on-site inspection. And that’s what 
broke up the Geneva Big Powers talks. 
The Russians are violently opposed to 
such inspection. 

‘There are two systems that have 
been proposed in the past for detect- 
ing nuclear explosions: 

> Conference of Experts in 1958. 
Would establish 180 control posts 
throughout the world; posts located 
at intervals of 600 miles in seismic 
regions and 1,000 miles in aseismic 
areas. Each would have a seismograph 
to spot explosions and earthquakes. 

> The Berkner Panel. Suggested 
that large arrays of seismographs, from 
10 to 100 instruments, be set up at 
each control point instead of a single 
instrument. In addition, one long 
period seismograph (capable of detect- 
ing vibrations whose period exceeds 10 
secs) would be placed at each station. 

e Seismic aftershock--Physical _sci- 
entists have theorized that the after- 
shocks from earthquakes are quite dif- 
ferent from those following nuclear 
underground explosions. At Stan- 
ford Research Institute, scientists have 
developed a technique for spotting 
these differences. 

A multichannel tape recorder is 
slowed down so that it can record 
seismograph output unattended for 
24 hours. When the tape is played 
back, it is speeded up to compress 
time, and significant events are re- 
corded visually. Analyzing aftershocks 
takes three such installations arranged 
in an L-shape pattern whose hypote- 
nuse is about 20 miles. 

SRI has currently mounted such 
gear in trucks, but the electronic 
equipment is far too big and requires 
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TUNG-SOL ANNOUNCES: 

















NEW MEDIUM-MU 


SERIES REGULATOR TUBE 


7802WB 


Brings together an optimum combination of 
characteristics that makes it ideal for applica- 
tions in tough environmental extremes. 


The 7802WB twin-triode, medium MU companion to the popular 
6080WB, is the newest in the broad Tung-Sol line of rugged, high 
temperature, long-life series regulators. It combines many out- 
standing operational and design features in an optimum package 
of peak efficiency and dependability. 


CONS/DER JUST THESE FEATURES: 


@ High perveance ... Makes the 7802WB an excellent choice for 
applications requiring high plate current at low plate voltage. 


@® Medium-mu ... Makes only very small signal voltages necessary 
for precise 7802WB control. 


@ Extra-tight tolerances ... Plate current and transconductance 
are held to rigid limits to. provide greater balance between tube 
sections. This is of particular significance where many sections 
are operated in parallel. 


High temperature operation . . . Extensive use of ceramics for 
heater-cathode ll anode standoff insulators and element 
spacers. The graphite anodes used are warp-free and dimension- 
ally stable regardless of operating temperatures. Non-char, 
glass-bonded mica material is employed in the tube base. 


Top-performance in environmental extremes . . . Where elec- 
tronically regulated power supplies must perform under severe 
conditions of shock vibration and high altitude, the 78302WB 
demonstrates long, trouble-free life, assured by both tube de- 
sign and specifications. 


Complete technical details on the 7802WB will be furnished imme- 
diately on request. A description of the full-line of Tung-Sol series 
regulator tubes is also readily available. Tung-Sol also invites you 
to outline your design needs to us. Our application engineers will 
gladly evaluate your circuit and outline the component which will 
best meet your requirements. Tung-Sol Electric Inc., Newark 4, 
N. J. TWX:NK193 
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(s) TUNG-SOL 


Technical assistance is available through: Atlanta, Ga.; Columbus, 


Ohio; Culver City, Calif.; Dallas, Texas; Denver, Colo.; Detroit, Mich.; 
Irvington, N. J.; Melrose Park, Il].; Newark, N. J.; Philadelphia, Pa.; 
Seattle, Wash. In Canada: Abbey Electronics, Toronto, Ont. 
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Switches 


FOR LIFETIME SERVICE... 
MULTIPLE FUNCTIONS 


Start pumps, open or shut 
valves, sound alarms automa- 
tically ... with these new high- 
load “Level-Ac” liquid level con- 
trols by Robertshaw, actuated 
by ceramic permanent magnets. 

Designed for open or pres- 
surized systems, these float- 
type switches provide constant 
control of levels in boilers, pro- 
cess vessels or other containers, 
with a long list of major ad- 
vantages: 


@ Extreme resistance to de- 
magnetization . . . highest of 
any commercial magnetic material. 


@ Multiple switching functions 
(up to 7 combinations) in small 
housing due to higher concentra- 
tion of magnetic force. 


@ Pneumatic or electric models 
... explosion-proof housing avail- 
able for electric switches. 


@ Choice of mountings .. . all- 
welded or flanged external float 
cages; top-mounting with tubular 
or 3-rod guides; side-mounting. 








@ Wide pressure range ... pres- 








sure-equalizing floats for high- 
pressure applications. 


@ Fewer moving parts for 
trouble-free operation, lower cost. 


@ “High-load” snap switch... 


avoids need for leveling. 


Just out! Complete description in new folder VF-765 


MR. CONTROLS 


Robertshaw-Fulton Controls Company Bm 


FULTON SYLPHON DIVISION « KNOXVILLE 1, TENNESSEE 
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WHAT'S NEW 


. . . at least five methods for 
detecting atmospheric blasts. . 


too much power for a practical world- 
wide inspection program that would 
need thousands of such devices, some 
in remote places. One scientist told 
CtE the program needed a multi- 
channel analog tape recorder that 
could run with very low power and 
would be small enough to be airborne. 

e Level and gravity—Scientists are 
also exploiting some nonseismic meas 
urement techniques. One is a precise 
level measurement of an area in 
which an underground nuclear blast 
is suspected. It is believed that the 
earth’s surface over the area of a blast 
will sink for about a month after 
the explosion. Pneumatic and hy 
draulic level measurements and sui 
veying interferometers have been tried, 
but all lack the accuracy required. 

Another interesting approach is to 
measure the mass deficiencies caused 
by an underground blast. No instru- 
ment has been developed to do this 
yet, but scientists hypothesize a device 
to measure the angle between the gen- 
eral gravitational field and the field 
gradient at the point of measurement, 
a test hole in the approximate area 
of the suspected blast. 

e Space blasts—Spotting a nuclear 
explosion in the atmosphere or above 
it is a lot easier. Before a 1960 hear- 
ing of the Joint Congressional Com- 
mittee on Atomic Energy, an expert 
reported there were five good methods 
of detecting such blasts: 


Theoretical 
range (miles) 
300,000 
500,000 
3,000 
10,000 
3,000 


Method 


Direct optical 
Fluorescence 
Backscatter radar 
Cosmic noise absorption 
Electromagnetic pulse 





If satellites are employed, the theo- 
retical range of detection is even 
greater and some other methods be- 
come of interest: 


200,000,000 
300,000 
300,000 
100,000 

10,000 
30,000 


Thermal X-rays 
Prompt gamma rays 
Delayed gamma rays 
Prompt neutrons 
Delayed neutrons 
Trapped electrons 


Air sampling, of fallout and by high 
flying aircraft, working with seismo- 
— techniques form an almost in- 
allible technique for spotting explo- 
sions conducted in the atmosphere. 

@ Satellite sensors—Work is under- 
way to develop and launch experi- 
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BRUSH INSTRUMENTS 


recording 

systems 

there is 

MOTAING MEW sree cc unr seuom vty orn 


newest oscillograph is the ideal choice for today’s most advanced telemetry and computer 
systems. Its precision and reliability are proven. You get analog data instantly recorded on 
eight 40mm channels... and the sharpest traces on rectilinear coordinates you’ve ever seen. 
Thirteen electrically controlled chart speeds take the guesswork out of interpretation. All 
functions are operated by pushbutton . . . including an ingenious auto-load chart changing 
arrangement. But . . . the most important reason of all is that this vertical panel oscillograph 
carries the name ‘“‘Brush’’. No one is as qualified. See for yourself. Call, write or wire. 


brush INSTRUMENTS 
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NEW TEMPERATURE TRANSMITTER 


offers thermal system options with ranges from —125° to 1000 F 
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New Temperature Transmitter is 
available with concentric scale as 
shown or as a non-indicator. The 
unit transmits with calibrated ac- 
curacy of +0.5% of full scale, 
and indicates within +1.0% of 
full scale. 





Compietely new, completely flexible, 
the new Honeywell Temperature Transmitter 
gives you a choice of either gas or mercury 
thermal system plus a wide selection of meas 
uring bulb styles. Die-cast aluminum case is 


4” by 7” by 9”. Concentric scale is 814” long. 


New built-in rebalancing capsule auto- 
matically compensates for changes in ambi- 
ent temperature. Two-way overload pro- 
tection covers 100% of span. Maintenance 
is greatly simplified by modular construction 
which lets you remove any major component 
by loosening two screws. All field adjust- 
ments are easily accessible, and a self-locking 
feature prevents upset after calibration ad- 


justments are made. 


Transmitter Features: Gas (—125° to 
800°F) and mercury (—40° to 1000°F) 
actuated thermal systems with bulbs for any 
application. Mount on pipe welded to flow 
line, or on bracket that clamps on the hex 
head of the socket. Vibration resistant ther- 
mal system means accurate measurement 
on vibrating flow lines. 


For more complete details on the new Tem- 
perature Transmitter, call your nearby 
Honeywell field engineer. Or write for S630-1. 
MINNEAPOLIS-HONEYWELL, Wayne and 
Windrim Avenues, Philadelphia 44, Pa: In 
Canada, write Honeywell Controls, Ltd., 
Toronto 17, Ontario. 


Honeywell 
| Fouts i Coutiol 


SINCE 1888 


HONEYWELL INTERNATIONAL Sales and Service officesin all principal cities of the world. Manufacturingin United States, United Kingdom, Canada, Netherlands, Germany, France, Japan 
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WHAT‘S NEW 


... satellite payloads to detect 
nuclear particles . . 


mental satellites with three kinds of 
atomic explosion detectors (some of 
these may have already been quietly 
launched and tested). 

P Neutron detector—A simple de- 
vice consisting of a single boron tri- 
fluoride neutron counter or a neutron 
sensitive scintillation counter. It 
would monitor neutron background 
continually, transmitting a time his- 
tory to the ground. After an atomic 
explosion, the neutron count in space 
would rise significantly above back- 
ground levels. 


> Gamma-ray detector—Six scintil- 


lation counters are to be distributed 
around a satellite to cover all direc- 
tions in space. ~The devices would 
be instrumented to distinguish only 
very short-life gamma radiation, about 
30 billionths of a second, the kind 
associated with a nuclear blast. In 
this way false alarms caused by cosmic 
radiation would be avoided. 

> X-ray detector — A thin plastic 
phosphor with a photomultiplier tube 
is being developed for the satellite de- 
tection of nuclear blasts. ‘Thirty-two 
detectors would cover all directions. 
An atomic explosion would _ trigger 
at least three quarters of these detec- 
tors at the same instant. 

e Market?—Because of secrecy, it is 
hard to estimate how much money is 
being spent on instrument research 
and development for atomic explosion 
detection. At least one program, 
Project Vela Uniform, under the su- 
pervision of the Defense Department's 
Advanced Research Projects Agency, 
asked for $20 million for fiscal 1961. 
Both the Atomic Energy Commission 
and the. National Aeronautics and 
Space Agency are working on detec- 
tion, too. The eleven satellites planned 
over the next three years to test the 
three detectors described above are 
expected to cost $25.4 million. 

If a full scale inspection program 
were adopted on a world-wide basis, 
the instrument bill would surely run 
to several hundred million dollars. In 
addition, a complex automatic. data 
gathering and processing system would 
be required to collate data from all 
the inspection stations. 

Such a system would mean addi- 
tional hundreds of millions of dollars 
for data transmission and display gear, 
too. 

But successful atomic blast detec- 
tion could be more than just good 
business for instrument makers. It 
could mean survival. 
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NEW TUMBLE RATE 
TEST STAND 
BY KEARFOTT 


The Kearfott CO5 6452 008 Tumble Rate Test Stand, is a 
highly precise unit used to test gyros and other devices requir- 
ing precise orientation or rotation. This unit features: rotary 
table locking arrangement to permit selection of 0°, 90°, 180°, 
and 270° static angular positions; ultra-precise tapered roller 
bearings to provide rugged, low-friction, accurate turntable 
mounting; 30 heavy-duty, low-noise slip rings to provide for 
signal and power transfer requirements; two-motor drive sys- 
tem to assure system stability and freedom from backlash, 
high gear reduction and large diameter bull gear mounted di- 
rectly on table stand to enable high torque-to-voltage gradient, 
and leveling jacks, with hold-down bolts and azimuth adjust- 
ing locking device, to insure fine level and polar alignments. 


Rotation Rates: 150° and 300° per hour 
Table Rate Stability: 0.2% 


TYPICAL Table Axis Wobble: 10 arc sec. (max.) 


Tilting Range: +90° 


DATA Table Surface: flat to 0.0001 (or 


better as required) 


Power Requirements: 115 VAC, 60 cps 1 phase at 
15 watts; 28 VDC, ).52 amp. 


Dimensions: 2’ long x 2’ high x 2’ in 
diameter 


Write for complete data 
m KEARFOTT DIVISION 
D GENERAL PRECISION. INC. 





Little Falls, New Jersey 
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Flexible Automatic Circuit Tester 


Increase the 
confidence level 
of circuit tests 


Hughes has developed a high 
capacity, general purpose cir- 
cuit tester that will substanti- 
ally increase the confidence 
level of testing—and, at the 
same time, substantially re- 
duce the costs of testing. 0 
Called FACT—short for Flex- 
ible Automatic Circuit Tester 
—this Hughes developed unit 
is self-testing and self-cali- 
brating. Result: you increase 
the confidence level of the cir- 
cuit test procedure.O And with 
FACT you can eliminate the 
costs of developing special 
purpose test equipment. You 
can program complete . tests 
on an unlimited number of cir- 
cuits. You can substantially 
reduce trouble-shooting time. 
You can cut down program- 
mingtimedramatically. (FACT 
uses standard IBM systems.) 
0 FACT is production proven 
and available today. With three 
different FACT models (2 
card programmed and 1 tape 
programmed) Hughes can 
meet every circuit testing 
problem. Inquire today. Write 
to L. W. Risner, Hughes El 
Segundo, L.A. 45, California. 
Or, better yet, call him at 
ORegon 8-0361. Ext. 1652. 


HUGHES AIRCRAFT COMPANY 
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AROUND THE BUSINESS LOOP 


The Case for Nonelectronic 
Data Processing 


Semiautomatic equipment has been developed by a 
small Maryland company to satisfy a lot of applications 
that can’t justify an electronic computer. Its founder 
sees a junior IBM springing up. 


For the company that has a data 
handling problem and can’t justify a 
large investment in electronic data 
processing equipment, Frederick Jon- 
ker has a nonelectronic suggestion, He 
has designed semiautomatic data proc- 
essing and information retrieval equip- 
ment whose costs start as low as 
$1,200 for a simple but complete sys- 
tem. Jonker Business Machines, Inc., 
of which he is president, is now ex 
panding this product line of inexpen 
sive data handling equipment. 

Instead of electronic circuitry, 
Jonker employs large plastic cards, 
9% x 114 in., into which small holes 
are drilled at points associated with 
documents, cases, or a specific bit of 
information. To find desired data, 
a searcher places several applicable 
cards, one on top of the other, on a 
light table, and those holes that trans- 
mit light identify the required infor- 
mation for him. 

e Information retrieval—One of the 
the most promising applications of 
Jonker’s (the J is pronounced as Y) 
equipment is information retrieval, 
usually when the number of docu 
ments is less than 10,000. An example 
of such a system helps illustrate how 
nonelectronic: data processing works. 

Last summer the Council on Li- 
brary Resources announced a pilot pro- 
gram to mechanize the searching of 
legal cases in which motor carrier law 
has been applied. Since only 4,500 
cases are involved, the search program 
will be built around a Jonker informa- 
tion retrieval system. 

The first part of the job, as in any 
information retrieval program, is set- 
ting up a word index. Once the index 
is established, one of Jonker’s plastic 
cards will be assigned for each term, 
such as carrier overloading, or licens- 
ing, or vehicular manslaughter, etc. 


The dimensions of the card are divided 


into 100 points for hole positioning. 
Each case to be filed is then as- 
signed a number, say 1072. The first 
two digits locate the vertical position 
and the last two identify the horizon 


GAITHERSBURG, MD. 
tal position on a card. 

If case 1072 involved an overloaded 
truck whose driver was intoxicated, 
it might be filed under two character 
istics: overloaded vehicles and intoxi 
cated drivers. A clerk would insert the 
one card that carries all the case num- 
bers about overloaded vehicles into 
the Jonker machine, position an elec 
tric drill 10 units up and 72 units 
across, and drill a small hole. Then 
he would repeat the drilling operation 
at the same point on the card that 
contains the numbers of cases about 
intoxicated drivers. 

To find a particular case, a lawyer 
will place the cards with each charac- 
teristic he is interested in on a light 


Jonker’s first nonelectronic data processor 
(above) is a simple system that costs 
$1,200. Semiautomatic $3,500 system (be- 
low): is designed for larger volume opera- 
tions, 
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NEW-Fluke-Precision Potentiometers 
Provide 10. TURN RESOLUTION... 


—Save: Time-Space-Effort-Cost 


The FLUKE Model 20A Vernier Potentiometer provides reso- 
lution equivalent to that of 10 turn helical potentiometers 
with only 550° of shaft rotation. At the same time, the 20A\ re- 
quires only a fraction of the space occupied by helical po- 
tentiometers, and, in fact, occupies less space than many 
single turn, low resolution potentiometers. 

This high resolution, small size, and ease of operation, is 
achieved by a unique FLUKE patented design. A schematic 
of the Model 20A is shown below. Basically, the Model 20A 
consists of a main resistance element and a concentric 
smaller vernier. The vernier element is connected to the main 
element through two contacts spaced 30° apart. This spreads 
any 30° segment of the main winding over the 270° of 
vernier rotation. The vernier slider is rotated by the poten- 
tiometer shaft. As the shaft is turned and the vernier 
slider completes its rotation, a mechanical stop causes 
the vernier frame to turn, moving the spaced vernier con- 
tacts along the main element. This method provides a 
coarse adjustment at either end of the vernier adjustment. 

This unique design results in a versatile, high perform- 
ance potentiometer. For example, thin card-type windings 
reduce residual reactance and allow operation at much 
higher frequencies than other potentiometers with similar 
DC specifications. The one and. one-half turn control of 


NEW FLUKE MODEL 20A 


Vernier Potentiometer 


Complete with dial, 
knob and lock 


ACTUAL SIZE 


the entire adjustment. range allows substantial time savings 
in frequently adjusted or multiple potentiometer installations 
such as analog computers and data logging systems. Equipped 
with a screwdriver slotted shaft, the Model 20A also makes an 
ideal high resolution trimmer. 

The Model 20A is available from stock in resistance values 
ranging from 100 ohms to 25 K ohms, and can be provided 
with a calibrated readout dial and lock-type knob. 

If greater resistance values are required, write for informa- 
tion on the FLUKE Models 21A, 22A, and 30A. The Model 21A 
and 22A have increased power ratings and are available in 
resistance values to 100 K. The Model 30A features resolution 
of 20 times that of the 20A series, resistance values from 1 K. 
to 100 K, and a power rating of 5 watts. 


MODEL 20A PARTIAL SPECIFICATIONS 


Standard Tolerance: +5%, available to +1% on special 
order. Linearity +0.5% 


Resolution: 1000 ohms, 1 part in 5600. Increased resolu- 
tion for higher values. 


Power Rating: 2 watts at 20° C, derated to O at 100° C. 
Price: As shown, $8.50. 


JOHN FLUKE MFG. CO. INC. 
P. O. Box 7428 Seattle 33, Washington 
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SCHEMATIC 


MANUFACTURERS OF ELECTRONIC TEST AND MEASURING INSTRUMENTS FOR LABORATORY—PRODUCTION LINE 
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COMMUNICATION OF IDEAS 


“Tdeas must work through the brains and the arms of good and brave 
men, or they are no better than dreams.”——- EMERSON 
, tiles iginal pair rt: 
i * : —< -—__— . s 


~— hme. erie 


Qualified applicants are invited to send resumes to: 
Director of Personnel, Division 61-94 


alamos 


scientific laboratory 


OF THE UNIVERSITY OF CALIFORNIA 
LOS ALAMOS, NEW MEXICO 


All qualified applicants will receive ideration for employ without 
\ regard to race, creed, color, or national origin. U.S. citizenship required. 








WHAT‘’S NEW 


table. The holes that transmit light 
to his eye represent cases involving all 
the characteristics in the search. 

e Advantages—In addition to the 
difference in cost between a Jonker 
system and a computer to do such an 
information retrieval, Frederick Jonker 
sees several other advantages. For one 
thing, a department or small group in 
a large company can keep control of 
the searching. If the program is placed 
on an electronic computer, on the 
other hand, a data processing group is 
likely to be responsible for scheduling 
time of the search. 

This system is more flexible too. 
Sometimes the pattern of a search is 
dependent on the way the question is 
asked and the searching group needs 
a maximum of latitude. If a question 
is too specific, no answers may be 
found in the system. If it is too broad, 
there may be too many answers for the 
searcher to study. And if phrasing of 
the question is at variance with the 
way the material was indexed origi 
nally, the answers could be totally dif 
ferent from what the searcher wanted 

e From morgues to airplanes—Sincc 
the company was founded 18 months 
ago, Jonker has sold about 50 of its 
data processing systems. Du Pont has 
been the steadiest customer, having 
purchased 16 units. One application 
at Du Pont, recording data from tests 
on a large number of samples—each 
with different composition—for sta 
tistical analysis, looks so promising for 
other companies that Jonker is devel- 
oping an automatic hole counter as an 
accessory. When it is available in 
1962, it will depart from the “nonelec 
tronic” approach since its heart will 
be a cathode ray scanner. 

Philadelphia’s medical examinet’s 
ofice has bought a Jonker system to 
keep track of causes of death reported 
by its autopsy surgeons. The city 
thinks it might spot trends in disease 
or violence and will be able to propose 
corrective measures. 

Troubleshooting is another good ap 
plication for such a system. The Fed 
eral Aviation Agency is studying a 
Jonker proposal to record key charac 
teristics of all aircraft mishaps on such 
a system. In this application, insert 
ing the information serves as a check 
on trends. For example, if malfunc 
tioning hydraulic systems in a certain 
type of aircraft are being reported 
often, a trend would be clear to the 
men keeping the drilled card records. 

e New lines coming—Over the next 
twelve months, Jonker Business Ma- 
chines will start volume delivery of its 

(Continued on page 170) 


CONTROL ENGINEERING 








A NEW ADDITION TO THE 
GGoNnac LINE 


lad ORY WW A'S 
ULTRASONIC 





Now, two new ultrasonic sensors, especially for level con- 
trol have been added to the Delavan line of soNAc sensing 
and switching devices. 


The single sensor system is recommended for liquid level 
control and the double sensor system for dry level control. 


Control is maintained by installing the soNnac sensor 
through the wall of the vat, bin or hopper. When the oscilla- 
tion on the face of the sensor is dampened or impeded by 
the material being sensed, the signal to the control unit 
changes, activating a relay. 


FIG. 1—LIQUID LEVEL (One Sensor) FIG. 2—DRY LEVEL (Two Sensors) 


For level control, SoNAc is accurate to .005” and has a 
response time of 25 milliseconds. Performance of the sensor 
does not deteriorate with age. 


The level control uses to which SONAC can be applied are 
virtually unlimited. It is not affected by the viscosity’, 
specific gravity, conductivity, or capacitance of the material 
being sensed. Temperature or pressure changes of the ma- 
terial do not alter its performance. False signals are elimi- 
nated because SONAC may be adjusted so as not to sense 
steam, foam, or vapors. 

*Viscosity may affect response time. 


Canadian Representative: 
KNOWLES & FOSTER (North America) Ltd. 
708 Terminal Bldg., Toronto 1, Ontario, Canada 


——<—<—<—<—<————— 
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SONAC is extremely rugged. Sensors are type 304 stainless 
steel. The electronic components in the sensors are her- 
metically sealed and will withstand pressures to 2000 psi 
and temperatures from —425° F. to +450° F. They are 
immune to shock, vibration or mechanical damage. 


The control is a compact unit 5” x 5” x 5” and features 
transistor circuitry. Power consumption is one watt and 


the unit will operate in temperature ranges from 40° F. 
to 135° F. 


Here’s how sONAC can be used for sensing and switching 
applications other than level control. 


Automatic Counting Door Control 


Overheight Signal 


Positioning Package Routing Size Control 


There are dozens of applications for sonac single and 
double sensor units. Let it go to work for you now, write: 


ap a snirecnaniy 
Mh lanufaclining appa 
WEST DES MOINES, IOWA 
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...we’d be out of business! Well, not quite, because Electro-Mech 

designs and manufactures all kinds of control systems... 

but boiler control does represent an important segment of our 

Total Concept control engineering. 

We believe the boiler manufacturer, the specification writer, 

the man who runs a plant, needs, wants and deserves an installation 
which performs its job—dependably—all the time. This belief is reflected 
in our newest development, the boiler control package shown at right. 
Here we've combined all functions necessary to maintain constant 

steam pressure—automatically, dependably. We call the unit 
‘Steam-Matic.’ It’s efficient. It’s safe. It’s economical. It’s compact. 

It makes industrial boiler operation as automatic as the unit in the 
basement of your home...and requires as _ little attention. 

The system is designed to handle oil, gas, or alternate firing 

fuel systems. The Steam-Matic panel configuration shown here is adaptable 
to any make industrial boiler... yours, for instance! 


For complete details on Steam-Matic, send for Technical Report #84. 

are. 

é ts 
Electro-Mech Corporation Etectro-Mech 
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Inland’s new Model 579.35 d-c amplifier has a high 
power output of 100 watts when used with low im- TYPICAL SPECIFICATIONS 
pedance loads requiring direct current. And this 

completely transistorized amplifier is packaged Maximum Power Output, watts (6 ohm load) 100 
in a hermetically sealed can only 2%” x 3%" x 24%”. Power Gain 4,000,000 


Current Gain 


Designed for use with d-c torquers, in one typi- Voltage Gain 


cal application Model 579.35 provides 65 db power Frequency Response DC to 1000 cps 
gain between the output of a d-c driver stage and Input Impedance, ohms 50,000 
the input terminals of a permanent magnet torque Dimensions, inches 2% wide 
motor. This amplifier has these outstanding per- 3%e long 
formance characteristics: 2% high 
e. The d-c output has magnitude and po- Operating Temperature Range in °C minus 50° to plus 50 
larity proportional to the input signal. 
e All amplifier circuits use a combination of 
silicon and germanium transistors (all- 
silicon models also available). 
e Amplifier null and gain are stable and 
independent of temperature. 
Inland also makes a complete line of rotary 
amplifiers for matched use with Inland’s distinc- 
tive pancake shape d-c torquers. 
A brochure on this new high-power amplifier is 
available. For your copy and complete data on 
Inland torquers and amplifiers, write Dept.5-11. 


INLAND MOTOR CORPORATION OF VIRGINIA A SUBSIDIARY OF KOLLMORGEN CORP., NORTHAMPTON, MASS. 
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100% solid state instruments, like this Foxboro Fifteen-foot Foxboro Electronic Console permits #Trade mark Universal 
Type 613 d/p Cell* Flow Transmitter, were used fast scanning of instruments — gives dependable Oil Products Co. 


- . fa : — Process Licens 
in all control loops to assure instant transmission control of Alkarf unit, styrene plant, and steam Badge - Masttaateting C " 


over long distances, *Reg. U.S. Pat. Of. plant for Cosden Petroleum. ntracting Engineers 





panel length 66% for Cosden Petroleum 


Panel planned for 45 feet, then reduced to 15 feet 
with Foxboro “small case” Electronic Consotrols 


Space saving has taken on a new meaning at Cosden 
Petroleum Corp. At Cosden’s Big Spring, Texas 
refinery, a UOP Alkar* unit, a styrene plant, and a 
steam plant are all electronically controlled by one 
15-foot Foxboro Modular Console. 

When Cosden Petroleum specified Foxboro “small 
case” Electronic Consotrols and modular consoles, 
30 feet of panel space were eliminated for a con- 
siderable saving in building construction costs alone. 

What’s more, Foxboro packed 61 Electronic Con- 
sotrol Controllers, plus 100 indicating and recording 
points into the 15-foot panel — and there’s still 
room to spare for tomorrow’s instrumentation needs! 
Spare panel cut-outs for 35 more controllers and 9 


more recorders are pre-wired and ready for service. 
All Cosden needs to do is hook up the transmitter 
leads at the bottom of the cabinet and slip the 
recorder or controller into the panel. 

Maintenance men also like the easy way they can 
transfer instruments on the modular console. Instru- 
ments slide in and out of their housings as easily as 
drawers. A simple plug-in connection puts the in- 
struments into action. 

You too, can save space, save time, save money 
— with Foxboro Electronic Consotrols._ 

Write for Bulletin 9-12. The Foxboro Company, 
8511 Neponset Avenue, Foxboro, Massachusetts. 

“Reg. U. S. Pat. Of. 


FOXBORO 
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Tomorrow's tubing technology—today 





For uniform deflection from spring to spring 
use Superior Ni-Span C Bourdon tubing 


Superior Ni-Span C* tubing possesses many of the attributes 
of an ideal Bourdon spring material. It is relatively easy to form 
by coldworking and can be heat treated after forming to obtain 
optimum operating characteristics. It can be readily joined by 
soft soldering, silver soldering or welding. It has high stability 
in a useful temperature range of —50 to 150°F, good creep 
resistance, low hysteresis, and excellent fatigue life. And it is 
uniform from tube to tube—free of inclusions and seams, 
carburization or decarburization, rough or corroded surfaces, 
and variations in wall thickness. 

Superior Ni-Span C tubing is available in sizes from .010 to 


5% in. OD x .125 in. wall maximum and from % to 1% in. OD in 
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wall thicknesses from .010 in. to .035 in. It can be furnished 
round and in Bourdon shapes such as elliptical, flat oval and 
‘‘D’’ shaped to your specifications. Data Memorandum No. 19 
gives complete details. Write for your copy today. Superior 
Tube Company, 2026 Germantown Ave., Norristown, Pa. 


*Reg. TM International Nickel Co. 


Superior Tube 


The big name in small tubing 
NORRISTOWN, PA. 


West Coast: Pacific Tube Company, Los Angeles, California 
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NOW...Versatility and Portability 
in the AO Tracemaster Systems | 


A remarkable AO Tracemaster System is 
now available for all your requirements in 
low-frequency data acquisition .. . 


25000 Series... high-sensitivity (10 mv/cm), 
transducer out-puts, carrier systems, high- 
level data . : . when your requirements 
for recording cover a diversity of signals, 
the sophisticated 25000 will answer your 
needs. 








26000 . . . designed to handle the many 
medium-sensitivity signals derived from 
the data-handling systems of today... . 
The unsurpassed BAP (Band-Ampli- 
tude-Product) is applied economically 
here! 








29000 Series . . . light-weight and 
portable . . . lets “you carry the 
record to the source”. . . gives Trace- 
master performance in small 
economical packages. 

All series use the exclusive 
Tracemaster DCT ( Direct- 
Carbon-Transfer) tech- 

nique . . . fine-line, high 

contrast and low chart 

paper cost .. . plus out- 
standing performance 

make these systems a 

“must” for your appli- 

cations! 





25000 Series Tracemaster 26000 Series Tracemaster 29000 Series Tracemaster 
8-channel, Floor-mounted 8-channel, Floor-mounted model 29100 model 29300 
Rack Cabinet Rack Cabinet Single-channel; Portable 3-channel; Portable 


FREQUENCY RESPONSE DC to 110 cps. + 1% DC to 100 cps. + 5% DC to 90 cps. + 5% DC to 90 cps. + 5% 
at 40 mm. peak to peak. at 40 mm. peak to peak at 30 mm. peak to peak at 30 mm. peak to peak 
Down 3 db at 140 cps. Down 3 db at 125 cps Down 3 db at 125 cps Down 3 db at 125 cps 


BAND AMPLITUDE PRODUCT 5600 (i.e.40 mm.x 140 cps.) 5000 (i.e. 40mm.x 125 cps.) 3750 (ie. 30mm.x 125 cps.) 3750 (ie. 30 mm. x 125 cps.) 
SENSITIVITY RANGE 10 Microvolts to 100 v/cm 100 mv/cm to 20 v/cm 50 mv/cm to 50 v/cm 50 mv/cm to 50 v/cm 


CHART SPEEDS 0.1 to 500 mm/sec. 1 to 250 mm/sec. 1 to 200 mm/sec; or 1 to 100 mm/sec 
5,50 mm/sec. 


CHART CAPACITY 1000 ft. roll 1000 ft. roll 200 ft. roll 200 ft. roll 
WEIGHT 18 Ibs. 40 Ibs 











Just Write for Complete Information A merican Uy) () pl ica l 


COM PAN ¥ 
INSTRUMENT DIVISION, BUFFALO 15, NEW YORK 
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FIRST 
SIMPLIFY... 


First step to automation is to simplify 
the information now presented by a 
multitude of multi-record charts, 
gages, and annunciator lights. The 
Bailey approach gives the operator 
data he needs (logged periodically), 
keeps continuous watch on all varia- 
bles, makes calculations where re- 
quired, alarms when trouble threatens. 
Reliability of recorded data is in- 
creased ... operators can devote full 
attention to correcting off-normal con- 
ditions and improving operations. 
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NEXT 
WEP ey... 


Next, verify the practicability of auto- 
mation by extending supervisory con- 
trols, letting equipment perform more 
operating functions. Automate key 
systems, one at a time, by push-button 
controlled sub-loops. This approach 
smooths the transition to complete 
automation and improves safety to 
men and machinery by providing safe, 
uniform start-up, shut-down, and 
normal operating procedures. 
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THEN 
AUTOMATE 


Final steps to automation can then 
be made at any time with full confi- 
dence and proved operational experi- 
ence. These stepsare: 1) to consolidate 
supervisory controls, conventional con- 
trols, and sub-loops for full-range auto- 
matic operation once the plant has 
been placed on the line; and 2) ulti- 
mately, to add start-stop control to 
provide full automation. 
































How to get assured results 


from AUTOMATION 


Nd gain as you go @ 


Complete automation is a long step forward 
— with many challenges along the way. 

The Bailey step-by-step approach to auto- 
mation makes possible step-by-step certainty 
... provides step-by-step benefits ... requires 
only step-by-step commitment. 

In the initial steps it makes possible many 
or most of the benefits of complete automa- 
tion with considerably less investment than 
required for the ultimate. And it permits the 
decision to take each succeeding step to be 
made only after satisfactory evidence that it is 
economically justified and functionally sound. 

Bailey 700 Systems draw on the best avail- 
able techniques, including analog and digital 
manipulation, trend recording, time sharing, 


scanning, alarming, calculating, controlling, 
and logging, as required to meet operating 
objectives. Individual systems, including logic 
and sequence units, are coordinated by 
Bailey’s distinctive method of parallel pro- 
gramming to achieve plant automation. The 
parallel-programming approach improves 
plant availability by making it practical to 
remove individual systems from service or 
reprogram without disturbing operation. 

Ask your Bailey District Office, or write 
for more information on the Bailey step-by- 
step approach to automation with Bailey 
700 Systems. Bailey Meter Company, 1079 
Ivanhoe Road, Cieveland 10, Ohio. In Canada 
—Bailey Meter Company Limited, Montreal. 


Bailey Systems Concepts are Founded on 45 vears of Experience 


Bailey experience extends to and in- 
cludes the atomic power field. In the 
completion of the Enrico Fermi Atomic 
Power Plant at Monroe, Mich. in 
1961, Bailey Meter Company was 
prime instrument contractor, supply- 
ing both pneumatic and transistorized 
electronic control systems. Al65-2 


Twenty-one of the twenty-six most 
efficient steam-electric stations in the 
United States use Bailey Instruments 
and Controls.* This reflects more 
than 45 years of Bailey developments 
devoted to improving the reliability 
of power-plant operation. *Listed in 
Federal Power Commission Report S-143. 


Bailey experience in automation dates 
from electrically operated boiler controls 
in.1924, automatic start of boiler controls 
on steam-electric locomotive in 1936, and 
fully automated package boilers in 1948. 
This Bailey 750 System for simplified 
display of power-plant operating infor- 
mation was installed in 1959. 


700 BAILEY 


METER COMPANY 


700 Systems 
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*REEL-IABILITY — that quality in tape which reduces com- 
puter down-time and operating costs... which guarantees 
(repeat, guarantees) 556 bits per inch with no dropouts in 
your severest applications. This kind of reliability (no matter 
how you spell it) you find only in new Computape, a truly 
premium quality heavy duty computer and _ instrumentation 
tape. 
COMPUTAPE: the facts 

Computape utilizes a new, heavy- 
duty coating applied to proven Mylar* 
backing. This revolutionary. formulation 


Investigate Computape today. Better still, immediately. 


COMPUTRON INC. 


COMPUTAPE: 
more 
reel-iability 


combines extra heavy duty usage with minimum of wear prod- 
ucts. Highly conductive coating prevents accumulation of static 
charges. Magnetic properties are specifically designed for 
high density, high resolution data recording, with binders 
carefully selected to assure non-aging. 

Manufactured start-to-finish in completely controlled dust- 
free facilities (our plant is, as far as we know, the world’s 
newest) Computape is the product of 
the only company devoted exclusively 
to the manufacture of quality tapes for 
data processing and instrumentation 


122 Calvary Street, Waltham, Massachusetts 


=—= *T. M. DUPONT 
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FROM ELECTRONIC MEASUREMENTS 


' ' Po” Thee 


Model 238A 
With Rear Terminals 


CONSTANT-VOLTAGE 


In addition to covering a complete voltage 
range—0 to 1500 V—this programmable, regu- 
lated power supply can deliver rated current of 
100 ma at any output voltage . . . even at less 
than a volt. 


But an even more useful feature is its continu- 
ously variable current-limiting control. Here’s a 
feature that’s finding more application with every 
passing day. 

When it comes to regulation, the Model 258A 
is truly flexible. Standard regulation is 0.1% line 
or load. However, 0.01% regulation is available 
by means of an optional plug-in chopper unit. 

The chart below lists just a few of the many 
Electronic Measurements off-the-shelf, constant- 
voltage power supplies. For complete information 
request Catalog BR1961. 


CURRENT 
0-100 MA 
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Model C638A 
With Rear Terminals 


CONSTANT-CURRENT 


Here’s the newest in Electronic Measurements” 
line of Constant Current Power Supplies... a 
full 1500 V compliance at constant current out- 
puts from less than a ma to 100 ma. Like all Elec- 
tronic Measurements Power Supplies, the Model 
C638A has a lot of built-in extras too. For ex- 
ample, there’s a modulation input . . . there are 
also provisions for remote programming .. . and 
an adjustable voltage compliance control that in 
effect provides for voltage-limiting. 

Specifications include a high output impedance 
of 10* megohms at 0.5 »a to 0.5 megohm at 100 
ma. Above 2.2 ,»a, regulation is better than 
0.15%, line or load. Ripple is less than 0.01% 
+1 wa. 

The following listing shows some of the con- 
stant current models available. For complete in- 
formation, request Specification Sheet 3072B. 


VOLTAGE 
COMPLIANCE 
(MINIMUM) 
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Mv MEASUREMENTS 


COMPAN Y 
EATONTOWN + NEW JERSEY 


INCORPORATED 
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precision glass enclosed reed sw 
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Shown Actual Size 


These RBM glass enclosed reed switches are extremely 
small, sensitive, fast operating, durable and contamina- 
tion-free. Their unusual advantages and low cost open 
up entirely new areas of application in the field of elec- 


tronics and instrumentation. 


The RBM Bi-reed Switch consists of precious metal con- 
tacts hermetically sealed in a glass tube containing an 
inert gas atmosphere. Contact arms, or reeds, are pre- 
cisely contoured with a controlled gap between contact 
surfaces. The method of construction prevents contami- 
nation and assures ultra-long performance. Highly shock 
proof and vibration resistant. 


The sub-miniature size weighs only 1/2 gram and occu- 
pies 1/80 cubic inch, 








- A 


itches and enclosed relays 


Shown Actual Size 


DOUBLE POLE N.0. 


- 


relays 


Development of the RBM Bi-reed switch is carried for- 
ward in the application of the RBM Bi-reed Miniature 
Relays. Each of these relays is a capsulated unit of ex- 
ceptional reliability. 


The RBM Bi-reed Relays conform to many government 
electrical and mechanical specifications. They provide 
outstanding opportunities for improving existing cir- 
cuitry and can be used with either panel or printed 
board wiring. 

Because of their maximum compactness, fast and positive 
action, longevity, and freedom from contamination they 
have a virtually limitless field of application that has been 
restricted until now because of the lack of such devices. 


Complete details are contained in 
Bulletins BR-1 and BR-2 


RBM _ OTeoh eke ae) t_me BD) hs &_b he} eo! 


50 CIRCLE 50 ON READER SERVICE CARD 


LOGANSPORT, 
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Honeywell The addition of the new Series 1400 valve body to the 


Honeywell line of control valves now gives you a choice of 
actuator-body combinations to match your applications. 
an Nn O U n ces Now you can choose the exact type and degree of control 
you need, without pushing a valve beyond its design limits 
th e ... Or without paying for more performance than you need. 


The compact Series 1400 valve body is available in a full 
range of materials, ratings and sizes, with screwed or 
N EW flanged ends. It can be used to regulate small flows in 
- process, pilot plant, research and commercial control sys- 
S ‘ rl a c., tems. Each body size ( 1", 34” and 1”) has a wide range of 
reduced ports with Cv’s from .025 to 11.0. Two bonnet 
Ee ~ 2 constructions facilitate mounting of five types of actuators 
“- —three pneumatic and two electric. 

Each actuator-body combination fits a different range of 
operating conditions and performance characteristics, but 
with sufficient overlapping of these ranges to give you a 
wider selection on the basis of cost. For complete details, 
write for Bulletin B803-1. MINNEAPOLIS-HONEYWELL, 

Fort Washington, Pa. 


—— > 
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Honeywell 
| Cute ceo 
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HONEYWELL INTERNATIONAL Sales and Service offices in all principal cities of the world. Manufacturing in United States, United Kingdom, Canada, Netherlands, Germany, France, Japan. 
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FROM FAIRCHILD RESEARCH IN SOLID-STATE ; OMT 
ra. 


Ut 3S-G SILICON-SEMIGONDUGTOR SIRAIN-GAGE 
Out of continuing research in solid state has come the 3S-G family of 
\ HT silicon-semiconductor strain-gage pressure transducers with accuracy 


as high as +.003% FS/Deg. F and the new Fairchild d.c. differential 
amplifier for transducer applications. Tough, tiny, and extraordinarily accurate, the transducers offer the best char- 
acteristics of strain-gage and potentiometer-type transducers plus the advantages of piezoresistive silicon-semicon- 
ductor sensing elements. @ Fairchild 3S-G transducers have infinite resolution, self-contained calibration, unexcelled 
repeatability, and extremely high output signal. Internal temperature compensation from zero to 150° F is standard. 
Compensation over entire operating temperature range from — 65° F to 250’ F is available on special order. Designed 
for new systems and interchangeable with existing military and industrial instruments, they will operate in practically 
all gaseous and liquid media. Pressure ranges are from 0-10 through 0-10,000 p.s.i.g. or p.s.i.a. Accuracy is as high as 
.003% FS/degree F (error band). Combined linearity and hysteresis is as good as .05% terminal. Standard output 
is either 50 mv. or %4 v. or 5 v.d.c. (5 mv. to 5 v. available). The higher output range is especially valuable for trans- 
mission over a long line without additional amplification. & The Fairchild family of 3S-G pressure transducers includes 
low-pressure gage and absolute, high-pressure gage and absolute, and high-line low-differential instruments. In addi- 
tion, there is a zero-drift solid-state d.c. amplifier. Absolute and gage transducers are available in ruggedized and 
airborne versions. Suppressed or offset ranges are available in all transducers. All have significant applications for 
precise measurement, testing and control of pressure in underwater, ground support, and airborne systems. All are 
available from stock for immediate delivery. @ For more information about Fairchild 3S-G pressure transducers, 
write Dept. 52CE. 





Finest Products of Fairchild Research 


Amplifier 


Airborne 


tee 


Differential 





Gyros 
PRESSURE 
TRANSDUCERS 
ae EL eamae Te T tem POTENTIOMETERS 
ACCELEROMETERS 
A Subsidiary of Fairchild Camera and instrument Corporation 


m i 225 Park Ave., Hicksville, L. |., N. Y. 
STEEL PETROLEUM CHEMICAL 6111 E. Washington Blvd., Los Angeles, Cal. 
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NEW SANBORN “650” 


SYSTEM 


phd i dt t ; 


OFFERS DIRECT READOUT, 8 TO 24 CHANNELS, ALL SOLID STATE CIRCUITS, FOR RACK 


MOUNTING OR INDIVIDUAL CASES. 


SENSITIVITY 20 mv input gives 8” deflection; 
12 attenuator steps to X5000, smooth 
gain control. 


INPUT RESISTANCE 100,000 ohms all ranges, 
floating and guarded; DC source re- 
sistance must be kept below 1000 ohms 
on mv ranges only. 


COMMON MODE PERFORMANCE Rejection 
at least 140 db at DC, tolerance to 
+ 500 volts, max. 


GAIN STABILITY Better than 1% to 50°C. and 
for line voltage variation from 103 to 
127 volts. 


LINEARITY 12% of full scale (8 in.) 
NOISE 0.02” peak-to-peak, max. 


MONITOR OUTPUT On front panel; pro- 
vides +1v full scale across 100,000 
ohm load 


POWER REQUIREMENTS 103-127 volts, 
60 cycle AC, 625 watts 


Contact your Sanborn Sales- Engineering Repre- 
sentative for complete specifications and applica- 
tions enginecring assistance. Offices throughout 
the U. S., Canada and foreign countries, 


Here’s the one system that lets you record inputs from DC to 
5 KC within 3 db at 4” peak-to-peak amplitudes, without 
changing galvanometers. The ‘‘650”’ system consists of an 8- 
channel medium gain, general purpose amplifier unit driving 
a high speed, high resolution optical oscillographic recorder. 
It can be easily built into your system, packaged in a mobile 
cabinet or housed in individual cases. The single-chassis, 7” 
high amplifier module has 8 separate channels, complete from 
floating and guarded inputs to galvanometer outputs; each chan- 
neil comprises a front end modulator and input transformer, 
carrier amplifier, demodulator, filter and driver amplifier. 
Power Supply and Master Oscillator Power Amplifier are 
built-in. All amplifier elements are plug-in transistorized 
units for easy servicing. 
Immediately readable recordings are made on 8” wide daylight- 
loading ultra-violet-sensitive charts which require no chemical 
development. Features of the 12!4” high recorder unit in- 
clude 9 electrically controlled chart speeds from 34” to 
100’/sec; calibrated monitoring screen; automatic trace iden- 
tification and timing lines at 0.01 or 0.1 sec. intervals; 
amplitude lines spaced 0.1” apart which can be blanked from 
; 14, 4, % or all of chart. Recorder is available with an 
8-, 16- or 24-channel galvanometer block which is then 
equipped with the number of galvanometer elements 
desired by the customer. Either the Recorder or Ampli- 
fier are also available as individual units for use with 
other equipment. 


WS | \ey 
SAN BOR WN ° CcCOoOnMmPwANY 


INDUSTRIAL DIVISION 
175 Wyman St., Waltham 54, Massachusetts 
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TO THE ENGINEER 2, 
who wants to make 
the most of his etchings 


If your printed circuit board designs involve 
switching, you can count on getting the best 
results by using AE Class E relays with 
direct-connect terminals. 


Series EQPC relays, with end-mounted 
printed circuit lugs, occupy a minimum of 
board space, and furnish dramatic savings 
in assembly and wiring time. 


The AE Series EQPC printed circuit relay is a 
miniaturized version of the premium - quality 
Class B telephone-type relay, with many of its 


best features. Contact reliability exceeding 200 
million operations can be expected. 


Automatic Electric also supplies Class E re- 
lays with Taper-Tab terminals, and prewired 
for plug-in, with 8- to 20-prong octal plugs, 
with or without hermetically sealed contain- 
ers or dust-tight housings. 


Want details? Just write the Director, Con- 
trol Equipment Sales, Automatic Electric, 
Northlake, Illinois. Also ask for Circular 
1702-E on Relays for Industry, and the new 
Conversion Factors booklet. 


AUTOMATIC ELECTRIC 


Subsidiary of 


GENERAL TELEPHONE & ELECTRONICS 


ey) 


CONTROL 
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ALL THE PERFORMANCE YOU WANT 


OR JUST $1200 PER PF i 


Microsecond speed...solid state reliability... full 


complement of peripheral equipment. ..software— 


features you expect only in large scale computers 
—available in the at the lowest rental in the 
industry. Lowest purchase price, too—$40,000. Write, 


wire, or phone for Bulletin SP 100A. 


ee 


PD) Packard Bell Computer 
A SUBSIDIARY OF PACKARD BELL ELECTRONICS 
1905 ARMACOST AVENUE + LOS ANGELES 25 CALIFORNIA 
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_— 
PROCESS 
INSTRUMENTATION 


Evaluate it yourself, against your control requirements 


56 


M-Line Recording Control Station 


vith M-Line TC/EMF Transmitter 


mounted above. 
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You’ll quickly find that M-Line is the one miniature 
electronic control that’s significantly different. This ad- 
vanced instrumentation offers you a unique combination 
of advantages: 
WIDEST SCOPE OF COMPATIBILITY IN OPERATION ... 
can be used with almost any transmitters supplying a signa! 
of 0.4 to 2 ma d-c, 0 to 4 ma d-c, 1 to 5 ma d-ec, 4 to 20 ma 
d-c, 10 to 50 ma d-c, or 0 to 25 volts d-c output (complete 
list on request) ; 
UNMATCHED INTERCHANGEABILITY OF COMPONENTS 
. display and/or control units of varying sophistication 
can be readily substituted (simply plugged into the basic 
stations) even after installation and start-up; 
OUTSTANDING FLEXIBILITY IN OPERATION .. . with 
set-point station, controller, auto-manual station and re- 
corder (or indicator) independently removable, process will 
remain on control—automatic or manual— while these com- 
ponents are individually checked, serviced or replaced. 


When your process demands competitively-priced ‘instru- 
mentation, with delivery in 6 weeks or less, you should inves- 
tigate the sound investment that M-Line provides. Buy it 
and try it... you’ll find M-Line the most advanced mini- 
ature instrumentation in electronic control. For more details, 
call your nearest L&N Field Office or write to 4918 Stenton 
Ave., Philadelphia 44. 


mm | LEEDS & NORTHRUP 


Pioneers in Precision 
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INERTIAL 


NORDEN /mauuue 
MINIATURE 
FLOATED RATE 
INTEGRATING 

GYRO 


Combines High Accuracy and Increased Reliability 


Norden’s fully floated integrating gyro, with a single FOR GIMBALLED OR STRAP-DOWN SYSTEMS— 
degree of freedom, delivers maximum performance ina Models are available for stabilizing gimballed 
minimum package. Used for precision measurement in 
inertial systems . . . for airborne and marine fire control 
systems . . . and as the heart of Norden’s new low 
threshold rate system . . . this new design offers: 


platforms (RI-203 series) as well as for strap-down 
applications (RI-210 series). 


e LOW DRIFT RATES through high float volume and TYPICAL SPECIFICATIONS 
concentration of floated weight in flywheel. Weight 


HIGH RESISTANCE to shock, vibration and sustained Size e 2 x 
acceleration through rugged design. 


0.84 Ibs. 
3.1 inches 
Angular Momentum....... 330,000 gm-cm?/sec 
INCREASED STABILITY by a simplified design utilizing Synchronizing Speed......... Bia 12,000 rpm 
micro precision spin bearings and fewer floated parts. 
HIGH RELIABILITY because of low (12,000 rpm) 
speed; all materials matched for temperature ex- 
pansion coefficient; preloaded motor assembly run in 
for 150 hours and centrifuged at 20 g’s to assure Drift, Azimuth (output axis horizontal) 

stability. 0.02°/hr (short term, 1 sigma) 
PROVED PERFORMANCE —flight tested for 15 months Drift, Azimuth, day to day, untrimmed 

in Norden’s “20-pound pilot” inertial platform. 0.1" /he (i sigma) 


* 
” 7 ‘ . . . . ° 
For illustrated literature including specifications and 
* * performance data, call TEmple 8-4471 or. write to: 
+ 


* NO 


Operational Life Ficatd mans 3,000 hrs. 
Gyro Performance 


Drift, Vertical (output axis vertical) 
0.01°/hr (short term, 1 sigma) 





EN = division of UNITED AIRCRAFT CORPORATION 


NORWALK, CONNECTICUT 
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Human and instrument 
sensing are both 

i CYaialael Mmelite, 

basically similar, but... 


Barber-Colman Controls 
are Super-Human 


Barber-Colman instruments probe where man can’t go and convert 


electrical signals into controlling action. They precisely follow in- 
structions without forgetting * Automatic, dependable, electronic 


self-balancing systems extend your process engineer’s range and 





power. And, they monitor your process with a faithful hand to 
BA R B ER your profit. * Process controls perform every function but funda- 
COLMAN mental decision-making. You could make one now. Ask your 











process people to call today. 


Industrial Instruments e Automatic Controls e Air Distribution Products e Aircraft Controls e Electrical Components @ 
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WHEELCO 
INDUSTRIAL 
INSTRUMENTS 
DIVISION 
Dept. W, 1548 Rock Street 
Rockford, Illinois, U.S.A, 


Barber-Colman of Canada, Ltd. : ' 
Dept. W, Toronto and Montreal, Canada Control Center in plant manufacturing transistors. All con- 


Export Agent: Ad. Acriome, lec., N.Y. trols can be brought to the most efficient operating location. 


Centers are designed, assembled, and prewired. 


BARBER-COLMAN COMPANY 


Small Motors e OVERdoors and Operators « Molded Products « Metal Cutting Tools « Machine Tools « Textile Machinery 
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No... a complete data processing system 


from Monroe for only*700 a month! 


A fully transistorized, desk size, electronic computor, the new 
Monrobot XI is the least expensive complete data processing sys- 
tem yet devised. This is not a component. It is the entire system. 

Data processing that every businessman can afford arrived 
with the advent of the Monrobot XI. For the large corpora- 
tion, it allows decentralization . . . saves time . . . can be tied 
into large-scale systems. For medium and small sized busi- 
nesses, its low price makes feasible—for the first time — the 
cost saving economies of automatic data processing. It is a 
particularly valuable piece of equipment for a service bureau. 

No larger than a desk—requiring no special flooring or air 
conditioning—the Monrobot XI is unparalleled for efficiency 
and economy in doing general ledgers, profit and loss state- 
ments, subsidiary ledgers, cost accounting, and payroll. 

For example, on a typical weekly payroll, it writes checks 
for eight-hundred employees in an eight-hour day, perform- 
ing all operations automatically. With the addition of input- 
output devices that cost less than $200 a month, it prepares 


MONROE [H 


the payroll journal and employees earnings record — distrib- 
utes costs to labor classifications— accumulates columnar 
totals by departments—sums columnar totals for the entire 
payroll run—and updates individual earnings records . . . all 
in a One pass operation. Yet it is no larger than a secretary’s 
desk and can be used by any competent typist. 

It substantially reduces processing time on almost any gen- 
eral business function . . . sales analysis, billing, inventory 
control, job costing, product scheduling, accounts payable — 
you name it. What’s more it handles special jobs—everything 
from route accounting for bakeries, dairies, and the like, to 
stock and bond confirmations for brokerage houses — with 
unparalleled accuracy and economy. /t is the least expensive 
complete data processing system ever devised. 

At this low price—$700 a month to rent, $24,500 to buy 
—the Monrobot XI almost demands investigation. For infor- 
mation, write to: Electronic Computer Division, Monroe 
Calculating Machine Company, Orange, New Jersey. 








j 


GENERAL OFFICES: ORANGE, NEW JERSEY « A DIVISION OF LITTON INDUSTRIES 
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ONE SOURCE! 
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When you discuss solenoid valve requirements with an 
ASCO engineer, you benefit from the design and de- 
velopment experience of half a century. The ASCO 
specialist can recommend the right valve for your 
needs because ASCO pioneering has brought about 
the thousands of types of solenoid valves now available: 

Two-way valves in pipe sizes from 4%” to 8”—for 
smperatures from -350°F to 600°F —for pressures to 
5000 p.s.i. 

Three-way valves in pipe sizes from %” to 2” — 
for temperatures from -350°F to 600°F —for pressures 
to 1000 p.s.i. 


Four-way valves in pipe sizes from 4” to 144”—for 
temperatures from -65°F to 212°F — for pressures to 
750 p.s.i.— poppet or slide type. 


And ASCO can supply you with standard, explosion- 


wif ' Ve 
Ne Zs 
= 


a 


AND ©""4-WAY SOLENOID VALVES 


proof or water tight enclosures — Class A and Class H 
coils — a wide range of body materials including cast 
iron, brass, bronze and stainless steel. Or trade on 
ASCO experience and have one of our engineers call. 


New! Catalog No. 202 covers the ASCO line 
of Solenoid Valves. Write for your copy today. 


For Immediate Delivery. . . 


World’s largest stock of Solenoid Valves. 
A complete Solenoid Valve Stock List will be 
sent to you with your copy of Catalog No. 202. 


Whatever the crucial factor in your flow control 
applications—reliability, compactness, high cycling 
rate—there is an ASCO valve that meets your need. 


ASCO Valves 


Automatic Switch C6. som HANOVER RD., FLORHAM PARK, N. J., FRONTIER 27-4600 
AUTOMATIC TRANSFER SWITCHES » SOLENOID VALVES ¢ ELECTROMAGNETIC CONTROL 
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EiectriK Tel-O-Set—the true 2-wire system 
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This “Loop Snooper” adds to the extraordinary ease of installation 
and maintenance you'll find in the ElectriK Tel-O-Set System. 
It’s a portable test instrument that can accurately check . . . from 
the control panel... any Tel-O-Set unit in the field, to make sure 
signals are being received and sent exactly as they should be. 
Or it can operate and check a recorder chassis, indicator chassis or 
controller on the bench, with local power. The “Loop Snooper” 
removes trial and error from installation and maintenance, 


SIMPLEST TO INSTALL, ADJUST AND MAINTAIN 


The ElectriK Tel-O-Set System has many features 
that save time in getting on stream, and keep 
maintenance to a minimum. For example, all 
process connections are isolated from the inside of 
Tel-O-Set transmitter and transducer cases, so that 
you can mount, pipe and wire the instruments 
without removing their covers. Instrument chassis 
can be removed for servicing without breaking any 
external process or electrical connections. Stand- 
ardized parts and extensive use of quick-connect 
and plug-in design cut downtime and spare parts 
requirements. 


No external power is required at any field-mounted 
Tel-O-Set instrument; line power is connected only 


at the receiver. Two-wire d-c transmission eliminates 
shielding and further reduces installation costs. The 
4-20 milliamp signal range gives a live zero through 
the use of readily available reliable transistors. 


Your nearby Honeywell field engineer can tell you 
how ElectriK Tel-O-Set advantages relate to your 
particular control requirements. Call him today 

he’s as near as your phone. Or write to 
MINNEAPOLIS-HONEYWELL, 21 Penn Street, Fall 
River, Massachusetts. 


Honeywell 


HONEYWELL INTERNATIONAL Sales and Service offices in all principal cities of the world. Manufacturing in United States, United Kingdom, Canada, Netherlands, Germany, France, Japan. 
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Welcome news—a throttling control valve that 
doesn’t leak . .:. even in cryogenic systems 
where extremely wide variations in tempera- 
ture between start-up and defrost distort ordi- 
nary valves. This new Leslie Cage Trim design 
does away with seat ring threads and gasket 
crush problems—provides tight closing and 
service life unequalled by split-body or con- 
ventional globe type valves. 

Solve another problem, too—speed in inspec- 
tions. The valve can be completely disassembled 
in minutes from the top end without taking the 
valve body off the line. Note: Like all the other 
Control Valves in Leslie’s complete line of 
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single and double-seated types, it is easily 
adaptable at any time to changes in your system 
requirements. 

For cryogenics, the new valve is available in 
¥2” to 4” bronze or aluminum and %2” to 2” 
stainless steel; welding, flanged or screwed ends. 
For standard applications, the same 
basic design is offered at attractive 
prices in steel, stainless steel and 
alloy steel. Write today for further 
information, and engineering data. 

LESLIE REGULATORS AND CONTROLLERS 
A SINGLE STANDARD OF QUALITY SINCE 1900 
Leslie Co., 722 Grant Avenue, Lyndhurst, New Jersey 
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New Bourns Precision Potentiometer 


NUMBER 18—NEW PRODUCT SERIES 


Resolves the Quality-Price Dilemma! 


Here is military reliability in a competitively-priced industrial 
potentiometer. Bourns wirewound 10-turn Model 3500 meas 
ures just 7” in diameter by 1” long—shorter by than units 
available elsewhere—yet has a resistance element 20% longer 
than that of comparable potentiometers 


Fully meeting military requirements for steady-state humidity 
Model 3500 can also be provided at a 10% premium to meet 
the cycling humidity specs of MIL-STD-202, Method 106. It's 
the only 7" 10-turn potentiometer guaranteed to meet this spec 
Its published characteristics incorporate wide safety margins 


Reliability insurance is provided by the exclusive Bourns Silver 
weld® bond between terminal and resistance wire. Virtually inde 
structible under thermal or mechanical stress, this termination 


eliminates a chief cause of potentiometer fai additior 
a special close-tolerance rotor almost completely does away 
with backlash 

Model 3500 is also subjected to the rigorous d 

Bourns’ exclusive Reliability Assurance Program 

possible step is taken to ensure that the performance 

cify is the performance you get. Write for complets 
Resistances 500°) to 125K 

Linearity 0.25% std 

Power rating 2w at 70°C 

Operating temp 65° to +-125°¢ 

Mech. life 2,000,000 shaft revolution 


l BouRNS 


4 


BOURNS ; TRIMPOT Division 
S MA ave 3 e ‘ 


ERSIC 


t 


Manufacturer: Trimpot® potentiometers; transducers for position, pressure, acceleration. Plants: Riverside, California; Ames, lowa; and Toronto, Canada 
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New GENERAL ELECTRIC SHOPTROL system 


... monitors individual work 
stations...displays production 
status at a control center for 
timely reactions to 

factory conditions. 


The GE SHOPTROL SYSTEM is a factory monitoring 
and data collection system that monitors work 
stations and records production data at a central 
point. Each work station’s status is visually dis- 
played on a Status Monitor. Status Monitors pre- 
sent a panoramic view of up-to-the-minute factory 
conditions for visual display at the Production Con- 
trol Center. Work stations have an operator control 
station, or an alarm station terminating at the 
Control Center. Depending on complexity of com- 
munication needed and data to be transmitted, a 
paging selector may be added to each work station. 


The Shoptrol System records, in hundredths of 
hours, time elapsed for operations, set-up and tear 
down, unavoidable delays, machine running, and 
machine off conditions. The Shoptrol System can 
record time elapsed, or count pieces or operations. 


The Shoptrol System provides direct signal com- 
munications from work stations to the Production 
Control Center. The operator control station and 
paging selector have phone jacks to provide entry 
into the telephone intercom. Units are ruggedly 
built for dependable life in factory conditions. 
Totals recorded from the Status Monitors at the 
end of shift produce information for production 
control analysis and management decision making. 
The data is readily convertible to punched ecards 
or paper tape for input to a data processing system. 
For more information, write for brochure CPB-152, 
General Electric Company, Computer Department, 
Section 91G11, Phoenix, Arizona, or contact your 
nearest General Electric Computer Department 
District Office listed below. 





THE GE SHOPTROL SYSTEM CONTRIBUTES 
TO GREATER PRODUCTION EFFICIENCY BY: 
...providing constant com- 
munication between production 
control center, foreman, and 
work station operators. 
-.. collecting and displaying 
current production data for each 
work station. 
...dncreasing accuracy of 
= : production records. 
ba = ; ie y ’ ‘ ... providing immediate production 
ty ; 4 i : Y i status for management at all times. 


- — 


Atlanta: 270 Peachtree St. N.W., 522-1611 © Boston: 140 Federal St., HU 2-1800, Ext. 311 © Chicago: 120 S. La Salle St., 782-5061 ° 
Cleveland: Williamson Bldg., 215 Euclid Ave., SU 1-6822 © Dallas: 3200 Maple Ave., R! 8-0589 © Denver: 201 University Blvd., DUdley 
8-4545 © Detroit: 680 Antoinette St., TR 2-2600 * Houston: 4219 Richmond Ave., MO 7-3301 * Kansas City, Mo.: 106 W. 14th St., GR 1-2919 
or GR 1-2920 © Les Angeles: 1010 S. Flower St., DU 1-3641 © Louisville: Bidg. 6, Appliance Pk., GL 4-7511 © Minneapolis: Plymouth Bidg., 
6th & Hennepin, FE 2-7569 © New York: 122 E. 42nd St., PL 1-1311, Ext. 3205 * Philadelphia: 3 Penn Center Plaza, LO 8-1800 * Phoenix: 
Guaranty Bank Bldg., 3550 N. Central Ave., AM 4-3741-2 © Pittsburgh: 1634 Oliver Bldg., Mellon Sq., AT 1-6400, Ext. 566 © San Francisco: 
The Russ Bldg., 235 Montgomery St., DO 2-3740 © Schenectady: Bidg. 2, 1 River Rd., FR 4-2211, Ext. 5-4405 © Seattle: Dexter Horton Bldg., 
710 Second Ave., MA 4-8300 © St. Lowis: Paul Brown Blidg., 818 Olive St., GE 6-4343 © Syracuse: 1010 James St., GR 6-4411, Ext. 6141 or 6142 
* Washington, D.C. Area: 7401 Wisconsin Ave., Suite 514, Bethesda, Md., OL 2-8100 * In Canada: Canadian General Electric Co., Ltd 
Electronic Equipment and Tube Dept., 830 Lansdowne Ave., Toronto, Ontario, Can- 

ada. Outside U.S.A. and Canada: Producer Goods Export Department, International 


General Electric Company Division, 150 E. 42nd St., New York City, N.Y., U.S.A. B INFORMATION PROCESSING 


AUTOMATED BY GENERAL ELECTRIC A 
Progress /s Our Most Important Prodvet 


GENERAL @® ELECTRIC 
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Goal of New Research Project 
MORE EFFICIENT 
COMMUNICATION SYSTEMS 


Research to explore the information processing in nervous systems is now underway at Bell 
Telephone Laboratories. Here, scientists are experimenting with newly developed electronic 
elements which are designed to imitate the actions of a living nerve cell. Too little is yet known 
about living cells to permit exact electronic duplication. However, experiments with groups of 
artificial neurons have roughly duplicated some of the eye’s basic reaction to light. This new ap- 
proach to studying basic nerve network functions can provide clues for stimulating further 
exploration into the fundamentals of the transmission of intelligence. 


Allen-Bradley is very happy that the quality of their hot molded resistors caused them to be 
selected for these exacting experiments. With their uniform properties and conservative ratings— 
A-B resistors will provide the same superior performance in your electronic circuits. Be certain 
you specify A-B hot molded resistors—especially for your critical jobs. Send for Publication 6024. 
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Hot molded composition 
resistors are available 
in all standard EIA and 








ues and tolerances. 
*Pending MIL 
Spec Assignment 








Se) 
MIL-R-11 resistance val- r ))S 





ALLEN -BRADLEY 


Illustrated aboveisa 
section of the sche- 
matic diagram for 
the artificial neuron 
(nerve cell) 


Allen-Bradley Co., 222 W. Greenfield Ave., Milwaukee 4, Wis. * In Canada: Allen-Bradley Canada Ltd., Galt, Ontario 
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Use Low Cost Allen-Bradley Type J 


Pots for Constant Impedance 


Attenuators 


Reproduction of actual 
machine plot of A-B 600 


Type JJ 
Actual Size 


form 


ohm Bridged T attenu- 
ator, showing the uni- 
attenuation and 


constant characteristic 
impedance obtainable 
with A-B Type J variable 
resistors. 


Type JJJ 
Actual Size 


The 

ideal answer 

for L, T, Bridged T 
and Bridged H 
attenuators. 


PERCENT EFFECTIVE ROTATION 


Allen-Bradley dual and triple Type J variable 
resistors are widely used in attenuators in elec- 
tronic circuitry because they provide dependably 
smooth and uniform attenuation plus constant 
characteristic impedance. 

Stability, high wattage, long life, ideal uni- 
formity, plus remarkable compact structure are 
combined in the Type J to assure top perform- 
ance. The solid resistance element — made by 
A-B’s exclusive hot molding process— provides 
smooth control at all times. 


With this precise control over the resistance- 
rotation characteristics during production, A-B 
attenuators have a consistently uniform attenua- 
tion that approaches calibration accuracy .. . 
and the characteristic impedance can be held to 
+10% over entire rotation—end to end. The 
virtually infinite resolution eliminates the defi- 
nite incremental steps of wire-wound units, while 
freedom from inductance insures excellent high 
frequency response. For full details on Type J 
variable resistors, send for Publication 6024. 


ATTENUATION IN DECIBELS 


Allen-Bradley Co., 222 W. Greenfield Ave., Milwaukee 4, Wis. - In Canada: Allen-Bradley Canada Ltd., Galt, Ont. 
QUALITY 
ALLEN-BRADLEY = aureus 
COMPONENTS 





Beckman Announces New Electronic Reversing Counters 


With the new Beckman® solid-state 
3300 Series of high-speed and preset 
reversing counters, reversing EPUT® 
and deviation EPUT meters, industry 
can now cope with numerous automatic 
control problems heretofore impracti- 
cal or impossible to resolve with unidi- 
rectional counters. Digital reversing 
logic adds neu’ dimensions to control 
systems engineering... providing faster, 
more accurate and efficient means of 
measuring, controlling, indicating, and 
computing by digital instrumentation. 


Digital control systems employing 
direct-reading, solid-state reversing 
counters can be used in many indus- 
tries —replacing slower, less reliable 
electromechanical devices or more com- 
plex electronic instrumentation. 


Wide Application Range 

Applications range from processing 
of raw materials to quality assurance 
of finished products. Typical applica- 
tions include measuring and cutting to 
length in metal working;-high speed 
rotary machine monitoring and con- 
trol; flow process control; acceleration 
and ‘velocity computation; and frequen- 
cy deviation measurements. 


What is a reversing counter? All of 
the direct-reading digital instruments 
in Beckman’s 3300 Series are equipped 
with reversible decade counters, one 
for each digit of read-out. These units 
will count “up” in a conventional se- 
quence of 0, 1, 2:..9 and then, upon 
command, reverse to count “down” 9, 
8...1, 0. If the count-down reaches a 
read-out of zero (before another com- 
mand to reverse is received), the count- 
ers automatically reverse to a normal 
count-up sequence. 


True Aigebraic Sum 


With this reversible counting logic, 
the digital read-out at any given time 
is always the true algebraic sum of 
“plus” and “minus” counts, which may 
represent forward and reverse travel, 
clockwise and counterclockwise rota- 
tion, quantities of input and output, or 
merely two distinct signals. The alge- 
braic sign of the read-out is indicated 
by a “+” lamp or a “—” lamp, signi- 
fying that the read-out consists of 
more plus counts or minus counts, re- 
spectively. 


Specific Applications 


High-speed reversing counters are 
especially suitable for indicating pre- 
cise increments of angular or linear bi- 
directional travel, as applied to posi- 
tioning of antennae or automatic lathes. 
For rotary ~~ control applications 
in synthetic fiber or paper mills, these 
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Photo shows Model 3302/5 Dual Preset Reversing Counter. 


instruments can be used for monitoring 
lead/lag of two shafts or cylinders ro- 
tating at speeds greater than 50,000 
rpm. In addition, a reversing counter 
will supply a DC control voltage cor- 
responding to the “+” or “—” sign of 
the read-out for operating control re- 
lays and switches. 


Preset reversing counters — single 
or dual—offer maximum utility for high- 
speed digital control applications, such 
as machine tool positioning, input/out- 
put control in automatic packaging, 
and. flow-blend processing. The dual- 
preset feature can be used to prevent 
over-run in automatic machine tooling 
by providing a limit-warning signal 


preceded by a final positioning signal. : 


Reversing EPUT meters are capable 
of gathering data and simultaneously 
performing digital computations — 
without the need for converting input 
data to magnetic tape, punched tape or 
cards. In digital RPM measurements 
associated with testing of fluid coupling 
transmissions, the speed of the input 
shaft is compared with the output shaft 
for determining extremely accurate 
parameters. 


Deviation EPUT meters provide a 
convenient means of computing carrier 
frequency deviation in calibrating FM 
telemetry systems. These versatile in- 
struments can be used in numerous 
quality control applications in the elec- 
tronics industry, such as the manufac- 
turing of crystals, transistors, and high- 
stability oscillators. 





Beckman Solid-state 
Reversing Counters 


Model 3300 High-speed Reversing Counter 


Basic high-speed reversing counter equipped 
with single input channel for counting “up”’ or 
“down” at rates up to 200,000 counts-per- 
second. External ‘‘sense’’ input reverses count- 
ing logic. With dual input channels, two dis- 
tinct events (one can be considered plus, the 
other minus) can be counted simultaneously to 
derive true algebraic summation. instruments 
available with read-out capacities of 3 to 6 
digits. Binary-coded-decimal output also avail- 
able for operating digital printers 


Model 3301 Single-preset Reversing Counter 
and Model 3302 Dual-preset Reversing Counter 
In addition to features of the Model 3300, 
single-preset and dual-preset Ayer coun- 
ters provide contact closures to complete ex- 
ternal circuits, pulses or changes in DC voltage 
levels when read-out reaches predetermined 
level. These predetermined levels are preset 
by digit selector switches, one for Model 3301 
and two for 3302. 


Model 3350 Reversing EPUT Meter 

Model 3350 accumulates every cycle of plus 
or minus counts during precise time interval. 
Instrument also measures period of events in 
time units as short as 10 microseconds. 

Model 3360 Deviation EPUT Meter 

Instrument measures preselected read-out and 
then counts ‘“‘down’’ to compute positive or 
negative deviation of unknown input frequency. 

















For additional information applying 
reversing counters to specific control 
problems, contact the Beckman/Berke- 
ley Engineering Representative in your 
area or our Applications Engineers at 
Richmond. For additional data, ask for 
Technical Product Bulletin A3300. 


| ee | INSTRUMENTS INC. 


BERKELEY DIVISION 
RICHMOND. CALIFORNIA 
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General Electric Makes 
Eddy-current-coupling Drives 


And they’re dependable drives. The complete line includes 
water-cooled and air-cooled eddy-current couplings. We 
call them AMWAJROL drives. Ratings are from 1 to 

150 horsepower, operating from standard a-c power. 


A General Electric AMWAJRor drive is not just another 
eddy-current coupling. For instance, in the water-cooled 
coupling, water control is packaged. You’ll see much less 
external piping. Furthermore, the coupling is protected from 
flooding—and the air gaps are dry, preventing corrosion. 


KINAJROL ©ouplings are compact, field proven and 
dependable. General Electric has had a good deal of 
experience in the engineering, manufacturing, and 
application of packaged adjustable-speed drives. And we 
know how important service is to a customer. 


KINAJROL —2 good product, with the kind of service 
you can depend on. Please call your nearest General 
Electric Sales Office for further details. 


“Trademark of General Electric Company 821-07A 


AIR COOLED, 7-1/2 te 100 HP WATER COOLED, 25 to 150 HP AIR COOLED, 1 to 5 HP 


DIRECT CURRENT MOTOR AND GENERATOR DEPARTMENT 


co 
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Today’s most versatile 
Il'x 17” XY-(T) Recorder 


_ *Built-in ti 


4 j 
| i 
M Moseley 


Autograf Model 2DR Recorder 
mounts flush with rack, takes 
only 17%" of rack space, is only 
5+” deep behind control panel, 


ideal for systems use 


Accepts ac or dc input on each 
axis, includes calfbrated X-axis 
time base, scale factor vernier, 
16 dc ranges, 8 ac ranges, 7 cal- 
ibrated sweeps on X-axis time 
base. DC accuracy greater than 


The Moseley 2D htop re er 0.2% full.scale. $2450 


features the same size 





vantages as the 2DR: This 


F.L.MOSELEY Co. 


Dept. H-11, 409 N. Fair Oaks Avenue, Pasadena, California 
MUrray 1-0208; Area Code 213 TWX PASA CAL 7687, Cable MOCOPAS 


Field representatives in all principal areas * Data subject to change without notice «+ Pricesf.o.b. Pasadena «* Pioneer and leader in X-Y and and Strip-Chart Recorders 
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ISNG-EFE 


COMMUTATION SWITCH 


ACTUAL SIZE 
Plate dia. only 13/4” 


* 
¢ 
“ne 
“ 


. . . but 134” plate diameter and 50% space savings* in a 180-channel switch are 
only the start of the story. This new electromechanical switch also gives the other 
advantages that have made MYCALEX® units the industry standard. Noise level 
of less than | millivolt when switching 5 volts into a 150-ohm load. Up-to-a 1000 
megohm resistance between rectangular contacts. Speeds as high as 1800 RPM. 
Metal-to-metal wiping action that prevents graphite build-up. Super-hard, gold- 
plated contacts. SUPRAMICA® 555 ceramoplastic plate that withstands operating 
temperatures to 650° F., has total dimensional stability, locks contacts in place. 
Plus nylon-brush mountings of new design that eliminate bounce and deliver sharp, 
clean signal edges. 

Whether you’re looking for commutation plates or complete switches, it'll pay 
you to investigate both of these compact, new components which give 
you an additional degree of design latitude. (For example, other MYCALEX 
switches offer up to 540 contacts on a 3”-diameter plate.) Write today for our new, 
comprehensive technical bulletin. 


*When compared with conventional Inter-Range Instrumentation Group Telemetering Switches. 
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General Offices and Plant: 127 Clifton Boulevard, Clifton, N. J. 


Executive Offices: 30 Rockefeller Plaza, New York 20, N. Y. MYCALEX 


ELECTRONICS CORPORATION 
EXCLUSIVE LICENSEE OF MYCALEX CORPORATION OF AMERICA 
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VOLTMETER 


01S ek a Amare pg ance: 


EET LET RDS, AR 


10 years without periodic maintenance! 


The reed relays in the new Cubic V-70 series of digital voltmeters assure you of a decade of flaw- 


less service. These relays (which replace the stepping switches used in conventional DVMs) have 


been life-tested for 100 million operations — the equivalent of over ten years of normal operation. 


The V-70 covers the full DC range from 1 millivolt to 999.9 volts. Balance time is 500 milliseconds; 


maximum readout time, 750 milliseconds; absolute accuracy is 0.01% plus or minus 1 digit. The 


meter has no vacuum tubes or moving parts; it operates in any position and is heat and shock 


resistant; the relays require no maintenance. The V-70 series 
offers the highest operating speed available in its price range: 
V-70, only $1,580; V-71 (with automatic ranging and polarity), 


$2,200. For further information, write to Department CT-110. 


OTHER OFFICES: LOS ANGELES, CALIFORNIA—ROME, ITALY (CUBIC EUROPA S. p.A)« REPRESENTATIVES IN PRINCIPAL U.S. AND CANADIA 





@ cubic 


CORPORATION 














INDUSTRIAL DIVISION 


SAN DIEGO 11. CALIFORNIA ¢ ROME, ITALY 


N CITIES 
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From General Ceramics Division of 
INDIANA GENERAL CORPORATION 
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GC MICROSTACKS at right 
have 8 times the capacity 
of conventional stack at 
left. This new MiICROSTACK 
provides the 2048-charac- 
ter 32-bit memory for 
Radiation Counter Labora- 
tories’ new Model 2048 
channel analyzer built for 
the Oak Ridge National 
Laboratories. 


MICROSTACK* Memory Array Provides 
8 TIMES MORE CAPACITY IN SAME SPACE 


General Ceramics, the originator of the square loop ferrite 
memory core, has pushed back the “space barrier” in coincident 
current memory systems with the job-proved MICROSTACK. 
GC’s exclusive Microstack design has not only cut 
memory plane space needs by 90%, but has made them 
more reliable by eliminating floating core mats and 
drastically cutting soldered connections. These units 
have successfully passed the severe vibration and shock 
tests outlined in MIL T-4708. 

MICROSTACKS are available with up to 32,768 cores 
in a single matrix enclosure using any core material. 
Individual units may then be stacked to provide desired 
total memory capacity. Special temperature-controlled 
MICROSTACKS operate efficiently between —55° C and 


+85° C. GC can supply complete memory systems 
using MICROSTACKS and modular construction. 

General Ceramics assures reliability with 100% qual- 
ity control at all levels through automatic 12-per-second 
mechanical and electrical testing of each individual core 
....visual and electrical inspections at 
all assembly stages . . . and ultrasonic 
cleaning. These procedures, plus other 
electronic tests on specially designed 
equipment, give the extra quality edge 
that customers such as Radiation 
Counter Laboratories have come to 
expect from us. 


Write for new Bulletins 25 and 26. 
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APPLIED LOGICS DEPARTMENT 


ZB GENERAL CERAMICS 


Phone VAlley 6-5100 * Direct Dist Diali Cod 01 
GENERAL on ey irect Distance Dialing Code 2 


KEASBEY, NEW JERSEY, U.S.A. 
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TWO-PHASE SHOCK TEST 


At Sandia, scientists are 
currently engaged in producing, 
measuring and interpreting 
shock phenomena .. . effectively 
expanding the scope of this 

field through the use of new 
techniques and facilities. 

Shock phenomena is but a 

single area in Sandia’s broad, 
continuing program of materials 
development and applied research. 


Sandia presently has openings at 

the PhD level in the following fields: 

Materials Science, Engineering, 

Mathematics, Physics, 

Chemistry and Ceramics. Qualified 

scientists interested in careers 

at Sandia are invited to send 

resumes to Professional 
Employment Section 53 


LAX 


CORPORATION 


ERQUE, NEW MEXICO 
E, CALIFORNIA 


An equal opportunity employer 





ACCLIMATING 
MAGNETIC 
DRUMS 

TO SPACE 


Giant strides have been taken in 
developing the magnetic storage 
drum for ground and airborne 
electronic systems during the past 
decade. Equally ambitious strides 
remain to be taken before magnetic 
drums can be confidently committed 
to space projects. 


Litton Systems engineers who have 
contributed significantly to the im- 
provement of the magnetic drum — 
a key element in Litton’s ground 














and airborne electronic data 
systems — are now preparing this 
highly essential component for 
space vehicles. Problems they are 
investigating include friction created 
by the absence in space of the 
boundary-layer lubrication phe- 
nomenon, the erratic behavior of 
electrons at hypertemperatures, 
and the effects of vibration caused 
by post-launch acceleration. 


Aspects of these problems were re- 
cently investigated by Litton engi- 
neers who subjected a Litton- 
developed, 6-inch lightweight 
magnetic drum and associated con- 
tact magnetic recording heads to a 
series of high-vacuum vibration and 
altitude tests. Drum and heads 
(without built-in lubricants) were 
operated at simulated altitudes in 














excess of 300,000 feet and vibrated 
at frequencies as high as 50g rms 
(bandwidth 20 to 2000 cps). 


Primary objectives of the high- 
vacuum tests were to determine: 
(1) Tendency of heads to bounce 
on drum surface under shock or 
vibration. (2) Relationship of re- 
cording signal level and equipment 
wear to contact head pressure. (3) 
Dependency of head flutter on air 
density. 


Both drum and recording heads 
operated without loss of informa- 
tion during these tests, indicating 
that additional tests to prove the 
feasibility of magnetic drums, con- 
tact heads, and associated elec- 
tronics for outer-space applications 
are fully warranted. The next series 
of tests will be designed to deter- 
mine the effects of cosmic radiation 
on electronic and mechanical equip- 
ment. Still other tests will then be 
conducted to study the perform- 
ance of equipment in the tempera- 
ture extremes of space. 


Litton has successfully developed 
and is now producing complete 
data systems incorporating mag- 
netic drum storage and retrieval 
subsystems that use contact heads 
for reading and writing digital 
data. Litton engineers have little 
doubt that what they have accom- 
plished for ground and airborne 
systems, they will also be able to 
do for space systems. 


Electronic engineers intrigued by 
problems and activities of this sort 
and anxious to negate or prove out 
Litton approaches are invited to 
write, phone, or visit. Contact Don 
Colvin, Litton Systems, Inc., Com- 
puter Systems Laboratory, 5500 
Canoga Avenue, Woodland Hills, 
California. Or telephone DIlamond 
6-4040. 


An Equal Opportunity Employer 


LITTON 
SYSTEMS, INC. 


A DIVISION OF LITTON INDUSTRIES 


GUIDANCE & CONTROL SYSTEMS ~- COMPUTER SYSTEMS ~- DATA HANDLING & DISPLAY SYSTEMS ~ SPACE SCIENCE - BIDELECTRONICS - ADVANCED COMMUNICATIONS TECHNOLOGY 
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HIGH-ACCURACY, HALF-OUNCE 
BENDIX® SIGNAL GENERATORS 
NOW IN PRODUCTION 


These Microsyn units are par- 
ticularly suited to applications 
demanding an extremely accu- 
rate electrical signal output pro- 
portional to angular displace- 
ment. Less than 1” in diameter, 
they feature low null, high 
signal-to-null ratio, good line- 
arity, and low reaction torque. 
They use no brushes or slip 
rings, are ideal as transducers 
for accelerometers, pressure 
sensors, gyro pick-offs, and 
other similar devices. Write us 
at Teterboro, N. J., for com- 
plete performance data, prices, 
and delivery on these produc- 
tion units. 
* a ok 


Manufacturers of 


GYROS + ROTATING COMPONENTS 
RADAR DEVICES « INSTRUMENTATION 
PACKAGED COMPONENTS 


DISTRICT OFFICES: Burbank and San 
Francisco, Calif.; Seattle, Wash.; Dayton, 
Ohio; and Washington, D. C. Export Sales 
e: Bendix international, 205 E. 
42nd St., New York 17, N. ¥. - 
HOME OFFICE: Teterboro, N. J. 





FROM: Bendix Eclipse-Pioneer 


SUBJECT: Aerospace rotating components 


MULTI-POLE AUTOSYN LINE EXPANDED 
TO INCLUDE 11:1 AND 25:1 RATIOS. 


Our family of low impedance, multi-pole 
Autosyn® synchros also includes other ratios. 
You can be sure that all units will provide stable 
operation under all environmental conditions. 
High-performance accuracies in the order of 
10 sees. max. are available. The units are 
designed for accurate data transmission with 
maximum simplicity on such applications as 
star trackers, flight control systems, radar, test 
equipment, and inertial guidance systems. 
Other frame sizes, accuracies and functions can 
be developed to your specific needs. Write us at 
Teterboro, N. J. for complete information. 


Eclipse-Pioneer Division 
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COMPUTATION _—_ 
INDIGESTION 


Here is how to reduce the overwhelmingly voluminous output of a digital computer to a useful form. 


You need a convenient, rapid and accurate way to plot curves and charts automatically and accurately 
— such as the EAl DATAPLOTTER 3300. This superb plotting machine reduces digital information 
to Cartesian coordinates in X and Y, in point or line, on paper size up to 30 x 30 inches. Plots up 
to 80 points a minute with accuracy of .05% of full scale. There are many accessories and a wide 
variety of other plotters if the 3300 does not fit your needs. Write for information to Dept. CE-9. 


EA} ELECTRONIC ASSOCIATES, INC. Long Branch, New Jersey 


Leader in Analogics Analog/Digital Computers Data Reduction Process Control Instruments Computation Service 
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INDUSTRY’S PULSE 


Automatic Production 
Control Takes Hold 


Sales of data handling equipment for production control on the 
factory floor will top $7,000,000 in 1961. That's the conclusion 
CtE reached after interviewing manufacturers of such gear. Since 
the first such commercially available equipment was introduced 
only three and a half vears ago, the industry feels it is making good 
progress selling these complex systems. And 1962 sales. are 
expected to show the best growth yet, stimulated by new suppliers 

and hard marketing campaigns. 


‘This equipment generally falls into either of two classifications: Monitor or 
1utomatic monitoring or data accumulation systems. ‘The monitor Accumulator 
keeps track of a production machine’s running time, down time, 
and quantity made, and brings individual counts of these variables 
for all production machines to a central control location. Accumu- 
lation systems convert data inserted by a machine. operator close 
to the production tool into computer format that can be proce ‘ssed 
further by electronic computers. 

A tv pical monitoring system costs between $350 and $500: per 

machine watched. Major suppliers: Hancock Industries ( Tele- 
control), Farrington Mfg. Co. (Productograph), W rea Co. 
(Plant Central), and General Electric (3100 system). A typical 
accumulation system with 10 input stations and one compiler costs 
between $900 and $1,100. Major producers of these: IBM (357 
system), Friden (Collectadata), Stromberg Div., General Time 
(‘T'ransacter) and General Electric (3101 system). 


Sales of data accumulation systems are expected to run almost. Twe to one 
twice those of monitoring systems. Main job of the monitors has 
been to cut the down time, and they have been used with some 
spectacular results. One user claimed to have paid for an auto- 
matic monitoring system in a month from savings in reduced 
down time. 
Data accumulators have been applied to a lot of functions that 
are part of the over-all job of production control. A study of instal- 
lations shows three functions are performed most often: 
Attendance reporting 


Labor distribution 
Order (or job) status and location 


But these are only the start. Other users report they have data 
accumulation systems performing a wide variety of chores in pro- 
duction control including: 


Labor/machine utilization 
Inventory control (parts, stores, and/or in-process inventories) 
Job costing 
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CONTROL 
DENSITY 


and | 


of ON-STREAM 
LIQUIDS 


moving ahead 


and engineering 


automatically! 


Now liquid density and flow rate can be automatically controlled by these 
new Halliburton instruments ...the FLOW METER and DENSOMETER. 
Here are the details: 


HALLIBURTON DENSOMETER is a.direct acting instrument 
designed to continuously measure and record fluid density of the product 
passing through it. Variances in product density are signaled from the 
device to automatic valves which alter component input maintaining 
densities at pre-set levels. Operation of the Densometer in measuring den- 
sity is completely independent of other fluid characteristics such as velocity, 
viscosity, pressure, etc. The Densometer is designed to maintain an 
accuracy of +1%. 


HALLIBURTON FLOW METER is an in-line device equipped with a 
flow-actuated turbine with long-life bearings. As fluid entry rotates the 
turbine, electronic pulses generated are routed to key up-line motor valves 
which maintain the flow rate at pre-set quantities. This inexpensive instru- 
ment requires no lubrication and is available in 1”, 2”, 4”, 6”, and 8” models 
with any end connections desired. Accuracy of the Flow Meter is designed 
for +1%. 


Other Halliburton Products for Automated Industries 


NEW Pneumatic-Electrical Control Panel for Bulk Material Handling 
Equipment provides the operator with finger-tip remote control over flow 
line valves and motivating air supply valves. 

POSITIVE SEAL Full Opening LO-TORQ PLUG VALVE with teflon- 
insert seals gas lines bubble-tight in high-pressure applications. Available 
in 1” to 3” sizes for working pressures from 1,000 to 15,000 psi equipped 
with threaded, flanged or scarfed end connections. 

For more information on any of these outstanding new developments f 
automation, see your Halliburton man, or write direct to: 


SPECIAL PRODUCTS DIVISION 


through research = : 
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Quality defect reporting and quality control 
Production status 

Efficiency 

Management by exception 


‘One finding users report is that after the data accumulator is 
installed, the production control department discovers additional 
ways to use it. 


Manufacturers of data accumulation equipment feel the recent 
surge of interest in computer scheduling of projects, w ith such 
programs as PERT and critical path method, is stimulating the 
purchase of data accumulation equipment. Once a company 
starts using such a computer program, its management wants 
accurate input data to check how the projected scheduling is work- 
ing out. Data accumulation equipment is a good way to get these 
inputs from the place where the data are generated. 


New competition in the field seems sure to boost sales too. Gen- 
eral Electric, which announced two systems last spring, has really 
just started its intensive marketing program and big results are not 
expected until 1962. Farrington, which introduced Productograph 
in 1960, ran into delivery delavs with its equipment which is being 
made in Germany by Siemens-Halske. As a result, it sott- pedaled 
its marketing during the first half of 1961. But the delays have 
been corvedied and Farrington too has launched a hard selling 

campaign that is expected to result in 1962 deliveries. Weltronic 
introduced its system this summer. 


\bout the only sour note manufacturers have encountered. in 
selling the sy stems is an occasional protest from a labor union. 
rhe reception to such systems has not been uniform. Some unions 
approve of them and others are hostile. One local erupted 
violently, while another local of the same national union, but 1,000 
miles away, applauded a company’s management for installing 
monitoring systems. 

installation of monitoring systems seem to be received best in 
plants whose employees work on an incentive basis. ‘The monitors 
reduce down time and wasted time so that the average employee 
can earn more money. In non-incentive shops, labor has feared 
the devices will be used to set new standards. 

Installations of data accumulation equipment have not been sub- 
jected to much union criticism. Still most manufacturers warn 
their customers to let their workers know why the accumulator is 
being installed before the equipment arrives. Said one sales man- 
ager, “. . . a well planned program of informing employees of 
intent to install such a system means a minimum of trouble” 


CTION 


Market pressure 


Hostile reaction 











PHILCO EPITAXIAL SILICON MESA 


q ‘FIRST TO COMBINE 
120 V (BVcg0) 
0.5 V(SAT) 


en | 190 me. fr 
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4 8 v 2N2087 NPN 
CORE DRIVER 
LINE DRIVER 


2N2087: ABSOLUTE MAXIMUM RATINGS 


Storage Temperature ........... —65 to +300°C. 
BA MUEOERD sii ccsccccccscccscnscdion 


ectissst canton aubec Wess bess cdeusnnes 
MINE Bit, oo coon When canadien een 
Total Device Dissipation (case 25°C.)....2 watts : ; 
Total Device Dissipation (case 100°C.)...1 watt You would expect Philco, as inventor of industry's 
Total Device Dissipation (free air 25°C.).0.6 watt most capable germanium logic transistor—the MADT, 
ELECTRICAL CHARACTERISTICS (@ 25°C.) to design silicon memory components with extra capa- 
Characteristics! Conditions | Min.| Max. bility, too. And Philco has done it. 2N2087 and 
_ Vee=1V. 40 | 120 2N2086 Philco epitaxial silicon mesa transistors offer 
le =150 ma. incomparable combinations of parameters that may 
Ver = 150 ma. 1.2 well be the special design solutions you require. 
aoe. The 2N2087 combines 120 BVecpgo, 40 here min., 
Vea(SAT) = a - 0.5 V. max. Vere (SAT), 150 me min. fr, 12 pf max. 
‘ Cop, and 100 nsec max. ts. 
The 2N2086 combines hr, of 20 min., 0.7 max. Vcr 
(SAT), 120 BVego, 150 me min. fy, 12 pf max. C,,, 
and 100 nsec max. tg. 
These new Philco epitaxial silicon mesa transistors 


deliver optimum drive for computer memory planes, 
serve as medium power switches in airborne control 
systems, and are ideally suited to a wide variety of 
other applications such as small power supplies, servo 
amplifiers, and automation controls. For complete in- 
formation, write Dept. CE1161. 


th typ N2087 and 2N2086 
nme jiately available from 
Philco Industrial 
juctor Distributor 
== Famous for Quality the World Over 


LANSDALE DIVISION, LANSDALE, PENNSYLVANIA 
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Man-Years of Study — 
Who Pays for Them? 


System engineering costs became a problem when a control supplier 
first furnished a few “components interconnected as a control system at 
the cost of hardware alone. This arrangement worked fairly well for 
controls applied to conventional operations. Systems engineering costs 
were usually small, perhaps 10 to 15 percent of hardware costs: 

As projects became bigger and systems costs become greater, control 
manufacturers made continuing, mostly futile, efforts to get the user 
to pay for the specific engineering associated with his project. Instead, 
hardware prices were increased to pay for the engineering: thus the user 
who requires complete system design gets this systems engineering at a 
hidden cut rate, while the user with his own systems group pays more than 
he should for the hardware. 

Then along came computing control. Systems engineering demands 
skyrocketed with the need for process test and analysis, model building 
and computer programming. Now five to ten man-years of applic: ition 
engineering may be necessary before a system is operational. Nonequip- 
ment cost may equal the cost of the computer and possibly of the tot: a 
control equipment. No longer can such study costs be absorbed by i 
creasing hardware prices. 

Few users have paid full price for computing control and no computer 
supplier has yet made a profit on a job. If users continue to press for free 
systems engineering from makers this will slowly eliminate all but those 
large control suppliers who can absorb losses in anticipation of what will 
finally be a lucrative market. Smaller companies may be washed out. But 
the user still will not benefit. As maker competition drops he will 
eventually be forced to pay fair engineering costs anyway, but without 
the benefit of a variety of equipment and techniques to ‘choose from. 

Fortunately industry is recognizing the fallacy of the free-engineering 
approach. Now, almost every control computer supplier has at least two 
or three user-paid contracts for process analysis and control feasibility 
study. These contracts may not pay the supplier’s total costs, but at least 
the user is finally realizing that he must pay for the man-years of study 
that directly benefit him. 
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The all new 60 amplifier .01% Donner 3200 is the first computer 
designed from the ground up to use the new iterative technique 


Every important assembly in the completely new Donner 
3200 series iterative computer combines better perform- 
ance and more features in less space than ever available 
before from any maker at any price. 


The user can start with as few as 10 amplifiers and expand 
to 60 as necessary. Two or more 60 amplifier computers 
can be slaved to solve more complex problems. This flexi- 
bility is the product of a new packaging concept which 
emphasizes modularity and etched wiring. The plethora of 
cables usually associated with computers is gone but hardly 
grieved. Note these other unique features and specifications. 


NEW AMPLIFIER Bandwidth, 1 mc; drift, 20 microvolts 
per day; gain, 108; noise, 500 microvolts; output, +100 
volts @ 20 milliamps. Three types of dual amplifiers are 
available — integrators, summers and inverters. 


NEW DUAL MULTIPLIER Solid state .05% quarter-square 
multiplier which can be programmed to function as multi- 
plier, divider, or 2 squaring networks. 


NEW FUNCTION GENERATOR WITH STORABLE PRO- 
GRAMS Each module contains 2 independent 12-segment 
silicon diode function generators. Channels can be paral- 
leled to provide 24 line segments. Programs can be stored 


by simply unplugging and removing the inexpensive poten- 


tiometer element from the function generator. 
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NEW POTENTIOMETER MODULE Each compact module 
contains 20 fused precision potentiometers mounted on 
the smoothest drawer slides we’ve ever found. Eighty po- 
tentiometers take only 7” of panel height. 


NEW CONTROL CENTER Pushbuttons select these modes 
of operation: compute, hold, reset, automatic recycle, slave, 
audible overload indication, and automatic hold. A new 
reference potentiometer allows null voltage measurements 
accurate to 0.02%. Meter sensitivities which can be push- 
button chosen are 300, 100, 30, 10, 3 volts, zero centered. 


Forward and reverse relay logic is incorporated for either 
iterative or continuous operation. 


OTHER FEATURES The novel amplifier construction incor- 
porates a built-in jack field on every module which helps 
the user get a quality computer for minimum cost and later, 
when he adds the standard removable patch board, he can 
use the amplifier patching bay as a built-in simulation 
board. Several sizes of removable patch boards are avail- 
able both shielded and unshielded. All critical computing 
components are mounted in a temperature controlled en- 
vironment. 


~SYETRON —DONNER 
Coyertation 4 
CONCORD, CALIFORNIA 
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Steadying a Stabilized Platform 


Typical inertially stabilized mounts for cameras or instruments suf- 
fer from jitter or angular unsteadiness. But miniature servo-balanced 
angular accelerometers fastened to the instrument package can detect 


any irregular motion with respect to inertial space. 


Their outputs, 


combined with steady state data from the platform synchros, yield 
composite feedback signals that can optimize mount steadiness with 
respect to the long term inertial reference. 


E. H. PALLME and V. B. COREY 


Palomar Scientific Corp. 


In high acuity reconnaissance photography, irregu 
lar low level angular movement of the camera mount 
iS a major problem. Such movement (variously 
called angular jitter, angular unsteadiness, or simply 
unsteadiness ) limits the sharpness of even those pho- 
tographs taken from mounts with self contained, 
high accuracy inertial stable vertical references, in- 
cluding those with arrangements for image motion 
compensation (IMC). 

To an even greater extent, the relative angular 
motions introduced by flexibility of the intercon- 
necting structure have compromised the successful 
use of good navigation stable references for verti- 
cal stabilization of a remote camera mount. The 
same problem has limited the use of a single refer- 
ence for stabilizing a system of remote mounts. Prob- 
lems with steadiness and speed of response are also 
typical of space orientation of instruments in orbit 
and tight control of missile trajectories. 

The angular stability augmentation system de- 
scribed here is based on the use of miniature angu- 
lar acceleration sensors rigidly fastened to the plat- 
form to be stabilized. These sensors furnish high 
level, high frequency, anticipatory output signals, 
accurately representing the dynamic inertial motions 
of the platform. Their outputs serve to synthesize 
the dynamic angle of error between the space orien- 
tation of the long period reference and the instanta- 
neous angular orientation of the mount. 

Introducing this new information into the orien- 
tation control system makes possible a large improve- 
ment in the steadiness of the mount and the instru- 
mentation it carries. At the same time, the required 
high frequency response of the control system is 
made possible without servo instability by employ- 
ing first and second angular position derivatives avail 
able from the same transducers. 
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Limitations of existing systems 


l'ypical space orientation control systems employ 
gyroscopically stabilized long period references. ‘The 
long period reference itself may be programmed 
slowly in its space orientation, such as to maintain 
alignment with the Earth’s local vertical or to estab- 
lish the instantaneous tangent to a desired flight 
trajectory. The shorter time assignment of the 
orientation control system is to maintain the instru- 
mentation mount or even the vehicle itself in close 
alignment with the long period reference. 

With existing techniques, orientation contro] sys- 
tems may maintain extremely close average or mean 
alignment between the orientation of the mount 
and the direction established by the long period ref- 
erence. However, under perturbations associated 
with the mission and with the normal response of 
typical orientation control systems, residual angular 
irregularities of comparatively short period and low 
amplitude remain. 

Figure ] shows one axis of a typical angular orien- 
tation follow-up system in which both long and short 
period command information is derived from an ex- 
plicit instantaneous comparison of the follow-up an- 
gle @, (with respect to local structure) and the an- 
gle 6, associated with the long period space refer- 
ence. Any transient discrepancy 6. between the two 
is the basis for servo correction of mount orientation, 
still with respect to structure. 

Objectionable unsteadiness, which indicates a de- 
ficiency in frequency response and fidelity of the 
over-all angular orientation contro] system, has been 
hard to eliminate because: 

1) when angular deviation is sensed directly, 
minute irregularities associated with unsteadiness 
are likely to be represented by signals not much 
above the noise level and without anticipatory sig- 
nificance. 

2) attempts to enforce improved high frequency 
response are usually limited by a tendency toward 
instability and increased dynamic errors. 

3) derivative signals obtained by differentiating 
attitude information emphasize noise, i-e.; spurious 





Conventional orientation control system . . 


» » Can introduce unsteadiness errors. 


FIG. 1. In typical orientation 
system, only source of feed- 
back information is instanta- 
neous attitude of mount with 
respect to local structure. 


signals from the attitude pickoffs, so the desired con- 
tribution to stability is compromised. 

4) signals from a typical open-loop rate gyro are 
limited in frequency response and sometimes in reso- 
lution, and are of limited value in anticipating and 
preventing dynamic crrors. 

5) if the space orientation reference is separated 
from the instrument mount by flexible structure (in- 
cluding shock mounts), commands generated by the 
orientation control system may actually introduce 
unsteadiness errors in the mount, see Figure 2, in the 
very process of high fidclity following. 


Two loops minimize spatial unsteadiness 


The steadiness augmentation system is illustrated 
in Figure 3. The long period orientation reference 
signal, 6,, is filtered to remove all short term infor- 
mation, so that @, representing only the average or 
mean value of @,, is essentially a smooth, slowly vary- 
ing, noise free orientation command signal applied 
to the mount. The spectrum of this command sig- 
nal extends to frequencies high enough to include 
sustained attitude changes of the structure connect- 
ing the reference and the mount, Figure 4, but not 
high enough to include oscillatory changes of atti- 
tude about a mean position. 

Feedback information on actual mount attitude 
with respect to local structure is typically provided 
by sensors such as svnchros. In Figure 3 this infor- 
mation is represented by @,, which contains the full 
spectrum of relative attitude behavior. This signal 
is filtered to remove all high frequency information. 
such as that associated with structural flexure, and 
becomes @,;, the long period component of the com- 
posite feedback signal actually compared with the 
filtered command from the long period reference. 

AH short period feedback information on attitude 
behavior of the mount comes from closed-loop an- 





j 


Inertial vertical 
reference ot station 4 


Locel structure 


Follow-up oriented 
mount ot station 2 


FIG. 2. Structural flexure angle 4, 
between stations A and B and in 
adequate reference information lead 
to orientation error angle, 6. 


gular accelerometers rigidly attached to the mount 
itself, in the two horizontal axes. These transducers 
respond at high frequency to any tendency of the 
mount to change its angular orientation. The high 
level output of each accelcrometer is linear with an- 
gular acceleration of the mount in its own axis. 
Therefore, the second integral of the output of each 
accelerometer represents the instantaneous angular 
excursion of the mount with respect to the desired 
steady state orientation 6, established by the long 
period reference. 

When filtered to remove the steady state and very 
low frequency terms associated with drift and satura- 
tion effects, the dynamic angular attitude signal from 
each accelerometer becomes the high frequency com- 
ponent of the angular position feedback signal in its 
own axis. It is the only information on the actual 
short period angular deviation of mount attitude 
from its long period or average orientation, and is 
represented in the fecdback signal by 6;. The total 
feedback signal is then 

Bot = O01 + Oa 
except for the stabilizing derivative terms, to be dis- 
cussed later. 

From the standpoint of long period orientation, 
ie., average attitude with respect to local structure, 
the mount is continuously constrained to maintain 
an orientation @,, that agrees closely with @,, the 
smooth orientation command signal from the stable 
reference. No short period commands come from 
the stable reference, and no short term information 
on instantaneous attitude with respect to local struc 
ture enters the attitude control process. 

The remaining information having to do with an- 
gular steadiness is generated inertially by the angular 
accelerometers, which sense any tendency toward 
short period change in angular orientation of the 
mount and provide output information which yields 
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instantaneous angular acceleration, angular velocity, 
and angular position of the mount, with respect to 
its average spatial orientation 6,;. The dynamic an- 
gular position term, 64, remains zero only when the 
mount is steady with respect to inertial space, and 
not otherwise. It has no dependence on whether 
the orientation of the mount is changing dynami- 
cally with respect to local structure. 

The augmented orientation control system oper- 
ates to make the total feedback signal 6,; equal to the 
total command signal @,, which is the smocth, slowly 
varying command information from the long period 
reference. But since 6, contains only steady state and 
very low frequency terms, and since 64 contains no 
information at steady state and very low frequency, 
the attitude control system will constrain the long 
period attitude of the mount to agree closely with 
the smooth signal from the long period reference. 
In other words, the control system maintains 6,; 
closely equal to 6, on a continuous basis. 

As stated above, the augmented mount orienta- 
tion servo system operates to maintain 

0: = Bos = O01 + Oa 
But since neither 6, nor 6,; contains high frequency 
information, the orientation control system must 
operate to keep 6, approximately zero. This is the 
criterion for optimizing the inertial steadiness of the 
mount. No dynamic corrections are introduced 
based on short period orientation of the mount with 
respect to local structure. Corrections are generated 
only if the mount shows dynamic unsteadiness with 
respect to inertial space, about the orientation estab- 
lished by the long-period reference. 


Accelerometer augmented control system . . 


. » Climinates effect of flexing structure. 


FIG. 3. 


Better frequency response, less power 


In general, mount orientation servo systems are 
limited in frequency response. Phase shifts may in- 
terfere with ability to respond faithfully to high fre 
quency error signal information, provided in this 
case by 6,. However, the response capabilities of 
the system can be very much enhanced by making 
use of the high frequency, high level, noise free sig- 
nals representing angular acceleration and angular 
velocity of the mount with respect to inertial space 
that are available from the mount accelerometers, 

As indicated for a single axis in Figure 3, these 
derivative signals can be added with the dynamic 
orientation signal 64, to synthesize a composite dy- 
namic feedback signal. This can be adjusted em- 
pirically in phase and amplitude vs frequency char- 
acteristics to optimize the ability of a particular 
orientation servo contro] system to null the sum of 
6, and its derivatives, i.e., to achieve a high level of 
angular steadiness in the mount. The instantaneous 
angular velocity signal can also be used to time a 
critical action such as camera exposure most favor- 
ably for minimum loss of sharpness. 

Improved high frequency response of a follow-up 
servo system often leads to increased power require- 
ments, which are limited by the amplifier-torquer 
combination available. However, the new steadi- 
ness augmentation system does not necessarily re- 
quire higher peak power in order to improve steadi- 
ness. Perturbing torques are sensed and opposed 
much more quickly, so the stabilized member moves 
less in maintaining its position. In addition, due 
to the long term or low gain utilization of the orien- 





j 
lnertial vertical 
reference ot station 4 





Stabilized mount, 
angular accelerometer 
augmented, at station 2 


FIG. 4. Flexure angle 6, has mini- 
mum effect because mount is servo 
oriented to angle @ with respect to 
average orientation of structure. 


Integrated signal from mount accelerometer and follow-up signal @.: are 


combined to optimize steadiness with respect to long period reference 61. 
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tation reference signal input, the stabilized member 
will not be easily or rapidly coerced by dynamic 
input errors associated with this source. The tech- 
nique also permits use of much freer vibration isola- 
tors and low isolation damping, so that good isola- 
tion can be achieved with better long term and 
dynamic accuracy. 

In arrangements where image motion compensa- 
tion is accomplished by angular rotation of the 
camera, the steadiness augmentation system can be 
applied to achieve more nearly constant angular 


velocity. It should also permit higher IMC rates 
with good accuracy, reduce overshoot, increase speed 
and stability in accelerating the camera to constant 
angular velocity, and improve steadiness during the 
critical phase of camera traverse. 

Directly analogous sensing and control techniques 
can also be employed in the linear domain to accom- 
plish exacting translational stabilization of vehicles 
or equipment such as the automatic hovering of 
helicopters, automatic altitude control of aircraft, 
and automatic depth control of submarines. 








About the Servoed Angular Accelerometers .. . 


The angular accelerometers re- 
quired for steadiness augmentation 
operate much like the subminiature 
servo-balanced linear accelerometers 
widely used in missiles and space 
vehicles. Input torques arising from 
acceleration are automatically coun- 
terbalanced by torques generated by 
a current-carrying coil in a magnetic 
field. A servoed angular acceler- 
ometer, Figures 5 and 6, consists 
basically of a seismic rotor with 
moment of inertia I equal to =mr, 
an enveloping case, and a servo sys- 
tem that keeps the rotor fixed in 
orientation with respect to the case. 
The rotor has only one degree of 
freedom—rotation about its support 
axis. It is carefully balanced to have 
no residual sensitivity to linear ac- 
celeration and no “products of iner- 
tia” that would make it respond to 
steady state angular velocity. 

Angular acceleration a of the case 


about the sensitive axis develops 
an angular position error A@ between 
a reference attached to the rotor and 
a sensitive electromagnetic prox- 
imeter fixed to the case. The prox- 
imeter, excited by a signal from the 
accelerometer electronics, gives rise 
to an error signal AV that is roughly 
proportional to Aé@. Subminiature 
transistor circuits amplify the error 
signal and deliver a roughly propor- 
tional current i to a coil carried 
rigidly on the rotor itself. Lying 
in a fixed magnetic field B generated 
by a_ stable permanent magnet 
mounted on the case, the coil gener- 
ates a torque that is accurately pro- 
portional to i. 

Mechanical, electrical, and mag- 
netic parameters are chosen so that 
only a very minute angular deflection 
of the rotor with respect to the case 
is necessary to generate a feedback 
torque T, equal to k,inB (k, is a pro- 


FIG. 5. Proximeter 


senses 


portionality constant, n is the num- 
ber of turns on the coil) that com- 
pels the rotor to follow the angular 
motion of the case. Servo action 
automatically finds the unique infini- 
tesimal rotor deflection where T, 
approaches the ideal value (=mr)a 
that would force the rotor to keep 
perfect step With the accelerated 
case, and 
= mr? 


kynB 


Qa 


Thus current i is an accurate ana- 
log of the angular acceleration ap- 
plied to the case of the instrument 
along its sensitive axis. This current 
is commonly returned to ground 
through a precision load resistor R,, 
and the voltage developed across this 
resistor is also an analog of accelera- 
tion with a volts per radian per sec” 
scale factor that is directly propor- 
tional to R,. 


FIG. 6. Servo current i, feed- 
back torque, and output voltage 
are proportional to a. 


an- 


gular position error caused by 
applied angular acceleration a. 
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Classifying 
Piated Sheet 


THE GIST: Pinholes and other imperfections sometimes occur 
in plate, exposing the base stock. This results in defective 
sheets that must be detected and rejected as they move 

at high speed through the line. Such sheets are tracked 

by recording on two memory drums that work parallel to the 
line, and are rejected by magnetizing a diverting roller. 


JAMES B. CAMP 
Tennessee Coal and Iron Div. 
United States Steel Corp. 


Magnetic drums, rotating at a speed proportionate 
to plate line speed, form the core of the on-line 
sheet classifying system. Prior to the development 
of the system, three to four sheets were extracted 
from the process line each time a defect was de- 
tected, to make sure that the defective sheet had 
been removed. It was then necessary to re-sort 
the reject pile manually in an off-line operation to 
reclaim the good sheets. By feeding the. sheet 
through the line at high speed, high throughput 
was obtained, but this same high speed forced the 
use of a cumbersome and time consuming method 
of segregating line output. In contrast, the classify- 
ing control system locates and tracks a defective 
sheet, then operates high speed actuating devices 
from magnetically recorded information to accom- 
plish the two phases of sheet sorting—detection 
and segregation. 


Detecting and marking defects 


The first phase is detecting and marking pinholes 
in the plate. As shown in the diagram, the sub- 
system grouped around the memory wheel Ml 
controls this phase. When a hole is detected in 
the continuous sheet, its presence is recorded on 
the drum by the write head W1. This hole-presence 
signal is picked up by the read head RI after the 
drum has rotated sufficiently. Since drum _ rota- 
tional speed is proportionate to the speed of plate 
through the line (both drum and plate are driven 
by the roller leveler), the marker is actuated as 
the perforation passes under the marking head, 
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stenciling an identifying number on the sheet, 
in line with the hole. As the drum continues to 
rotate, the hole-presence signal is picked up by a 
second read head R2 and stored in flip-flop D1. 
Further drum rotation causes the signal to be wiped 
out as the spot passes under the erase head, leaving 
the drum cleared for recording the next hole signal 
that occurs. 


Sorting output 


Existence of a hole was detected, recorded, and 
the signal stored in D1. Output of D1 does not 
go high, however, until the shear is actuated. As 
the shear cuts the continuous sheet into single 
sheets, its action drives a pulse generator, whose 
amplified output is an input signal to Dl. The 
logical significance of the D1 output signal is that 
a single sheet exists, with a marked hole in the 
sheet. With additional information from more 
sensors, this single defective sheet signal is used to 
actuate the output sorting device. 

Downline from the shear, a phototube and light 
source detects the leading and trailing edges of 
single sheets passing through the line. The photo- 
tube detector is spaced from the shear by a dis- 
tance greater than one sheet length but less than 
two sheet lengths. Thus, the first time the light 
goes off after a shear stroke, the presence of the 
leading edge of a sheet is signaled. When the 
light subsequently goes on again, it signals the 
trailing edge of a sheet. The leading edge signal 
is an input to D2, along with the output (already 
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MAGNETIC DRUMS— 
Record, Track, Actuate 


NOMENCLATURE 


D1,2,3 Delay logic elements RS Reject sheet signal 


Sheet flowing through the line under- E 
goes several operations: 1) hole is de- M1 
tected, 2) hole is marked, 3) continu- M2 
ous sheet is sheared into single sheets, 0 
4) phototube detects leading and trail- PG 


are sorted into prime and reject piles. 


Erase heads 
Memory drum for detection W1,2 Write heads 

Memory drum for sorting | Length of a single sheet 
Oscillator 


; Pulse generator to phototube centerline, 
ing shect edges, and 5) single shcets R1,2,3 Read heads 


T Thyratron 


d Distance from shear centerline 


(less than 21, greater than 1)). 





high) from D1. As soon as a leading edge is de- 
tected, D2 output goes high, making one of the 
inputs to D3 high. D3 acts like a two-input flip- 
flop with no input gating. As soon as D3 receives 
an input signal, its set side goes high, driving the 
oscillator O. The oscillator starts laying a 360 cps 
signal onto the drum M2 through the write head 
W2. This signal is recorded until the phototube 
trailing edge signal resets D3, cutting off the oscil- 
lator, and thereby cutting off the signal written on 
the drum. The drum then contains a signal pro- 
portionate to the length of the defective sheet, and 
this signal is moving at a speed proportionate to 
the speed of the defective sheet down the line. 
The M2 drum signal operates the output sorter. 

The output sorter, or diverter, responds fast 
enough to sort out the defective sheet without in- 
terfering with the travel of preceding or following 
sheets. The diverting mechanism consists of two 
magnetic rolls and a fixed deflector plate. The 


roll mounted above the emerging single sheets is 
normally energized (as long as the signal RS is 
absent) to assist in passing acceptable sheets over 
the deflector. When a defective sheet comes down 
the line, its presence and length, being recorded on 
the drum M2, cause a signal RS that drives through 
a thyratron to energize the lower magnetic roll. 
The lower roll then assists the defective single sheet 
to pass under the deflector. When the signal RS 
is completed, the lower roll is de-energized and the 
upper roll is again energized. 

The result is that the system sorts single sheets 
into prime and reject piles at a speed equal to that 
of the line. It eliminates the need for off-line 
sorting operations in the production of black plate, 
electrolytic tin plate, and galvanized plate. Further- 
more, the existing system can easily be expanded to 
include additional sensors and additional diverters, 
to sort output into several grades or categories of 
line output of plated sheet. 
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Typical multiple stream 
sampling system. 
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What to consider in designing 
Multiple Stream 
Sampling Systems 


Great strides have been made in continuous 
stream analyzers and their sampling systems to keep 
pace with other technological advances in processing 
industries. Such analyzers provide data on product 
quality and composition. However, stream analyzers 
are costly, their purchase price ranging from $1,500 
to $15,000. To get the most from this investment 
it is imperative that the samples brought to the 
analyzer be representative of true process conditions. 
Otherwise, the information supplied by the analyzer 
will be useless for plant operation. 

Because of high cost, attempts are often made to 
use one instrument for many streams, thus spreading 
initial investment over a wider base. ‘lo use one 
analyzer for many streams requires a multiple stream 
sampling system. Such systems encounter all the 
problems resulting from the design of a single stream 
sampling line, as well as many more arising from 
such considerations as sampling methods, antileak 


L. E. MALEY, Waters Associates 


Ingenuity is the watchword in the 
design of multiple stream sampling 
systems. The engineer responsible 

for stream analyzers in his plant must 
of necessity also be concerned with 
sampling systems. So many problems 
arise in the design of multiple 

stream sampling systems, and so many 
alternative solutions are available, 


that the engineer now has quite a 

few options in his selection of 
components, techniques, and design for 
producing a reliable, workable 

system consistent with minimum cost. 
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arrangements, flushing and sequencing of sample 
lines, synchronization of analysis and records, dwell 
time per sampled point, and sample point identifi- 
cation. These considerations are discussed here. 
Figure | is a typical multiple stream sampling sys- 
tem, showing eight major design points: 
1. Sampling technique. 





FIG. 2. Self-supporting multiple stream manifold reflects simple, 


inexpensive design. (Consolidated Electrodynamics Corp.) 


FIG. 3. Rack mounted multiple stream manifold 


requires many nipples, bushings, and extra piping, 


Table | —— SAMPLING VALVES FOR MULTIPLE STREAM SYSTEMS 


SOLENOID VALVES 
Advantages 


Disadvantages 





. Inexpensive 
. Locally available 


. Easily installed and maintained 
. Dwell time per point easily varied 


. Leakage occurs frequently 

. External sequencing device is required 
. Valves can stick in one position 

. Assembly and layout time are required 


. Flexibility (points can be added or re- 


moved or sequence varied) 


. No restriction on number of points 





SLIDING PORT VALVES 
Advantages 


Disadvantages 





. Leakage occurs infrequently 


. Simple and compact 


. No external sequencing device required 


. Integral bypass 


. No assembly or layout time required 


. Limited number of points 

. Fixed sequence 

. Fixed dwell time 

. Usually cannot use on high pressure or 
corrosive streams 





. Sample line size and velocity. 
. Filters on all sample lines. 
. Manual shutoff valves and flow control valves. 
. Antileak arrangements. 
. Flow indicator, bypass and sample. 
7. Bypass flow arrangement. 
8. Provision for introducing calibration samples. 


Sampling techniques 


Solenoid valves or sliding port valves route sam- 
ples in sequence from a number of different sample 
lines and pass these samples individually to an ana- 


lytical instrument. Table I states the relative advan- 
tages and disadvantages of these valves as applied 
to multiple stream sampling systems. 

Solenoid valves, used in conjunction with a mani- 
fold, are most common because their advantages 
outweigh their disadvantages. The system in Fig- 
ure | is a solenoid valves and manifold arrangement. 
Physically, the manifold-and-valves configuration 


may be simple as shown in Figure 2, or elaborate 
as in Figure 3. Although the latter arrangement 
has a nice appearance due to rack mounting, its cost 
could be twice that of the simpler, self-supported 
design. Furthermore, rack mounting may increasc 
the lag time since longer tubing runs are required. 

Good practice dictates the use of three-way sol 
enoid valves as the basic stream-switching element 
in a multiple stream sampling system since they 
permit bypass and vent arrangements—features ob 
tained with two-way valves only through more com 
plex and restrictive design. 

Sliding port valves, adopted by many engineers 
to overcome the major difficulty—leakage—encoun 
tered with solenoid valves, have one outlet port on 
one side of a sliding disc (or bar) and several inlet 
ports on the other side. In operation, the various 
samples enter the valve at the flare fittings mounted 
on one side. An inner disc, driven by a motor, is 
machined such that as it rotates one sample inlet 
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at a time is connected to a passage through the cen- 
ter shaft to the flare fitting on the other side of the 
valve body. Thus, while one sample line is con- 
nected to the analyzer, all other sample lines flow 
through the bypass connection via the flare fitting 
on the valve top. Flow of sample is thereby main- 
tained through all sample lines, permitting a fresh 
sample ready for immediate analysis. 


Antileak arrangements 


A common problem encountered in many mul- 
tiple stream sampling systems is the leakage of sam- 
ple from one line into the manifold while another 
sample stream is being analyzed. Méainly, these 
leaks occur in the solenoid valves. Some leakage 
of at least one solenoid valve is very likely when 
several sample streams are analyzed in sequence be- 
cause such valves must operate frequently over an 
extended time period. If sample streams are of 
similar composition, valve leakage and hence mixing 
of samples is extremely difficult to detect by the 
usual checks between analyzer and laboratory results. 
A leak in any of the sample valves causes an error 
in reading for all other points. 

Maintenance time can be very costly since valves 
leak at different times and each valve must be 
located and replaced. For gross leaks, the judicious 
use of flowmeters and manual shutoff valves can 
help considerably in testing. However, since small 
leaks are a recurring problem, experience has shown 
that the best design procedure is to compensate for 
them, not to try to eliminate them completely. Two 
satisfactory antileak arrangements are the block-and- 
bleed and the flush back designs. 

The block-and-bleed configuration, Figure 4, as- 
sumes that at least one solenoid valve will leak and 
that the design prevents the leaking sample from 
reaching the manifold. Here, three-way solenoid 
valves are arranged such that the sample to be 
analyzed passes directly to the analyzer while all 
other samples are blocked. At the same time the 
back pressure of the sample being analyzed prevents 
any leakage from the vented valves entering the 
sample line. Although the block-and-bleed system 
requires almost twice as many valves as the number 
of sample points, experience has proven that the 
added expense is well justified by giving a reliable 
design and low maintenance cost. The block-and- 
bleed arrangement in Figure 1 includes sample by- 
passing, that in Figure 4 does not. 

The flush back arrangement, Figure 5, differs from 
the preceding system in that the common manifold 
is deliberately flushed in a reverse direction by sam- 
ple being analyzed. Flows, carefully controlled by 
flow restrictors, are produced in all lines in the 
proper direction. Flowmeters are used both to adjust 
the flow in each line and for leak testing. 


Flushing of sample lines 


To obtain a representative sample from each point 
and to keep lag time to a minimum the sample 
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lines must be flushed of old sample as rapidly as 
possible. Where sufficient sample is available the 
best practice is to incorporate a bypass line, Figure 
1. A large sample may then be continuously and 
rapidly brought to the manifold for analysis. 

The bypass technique works well for gases and 
vapors. Gas fronts travel rapidly through the sys- 
tem and, by proper engineering, mixing can be kept 
small, so one sample can be easily flushed out by 
the next sample. With liquid samples, however, 
mixing presents a serious problem. For analyzing 
multiple liquid streams the best procedure is to 
dump the liquid from the manifold rather than 
attempt to flush it out with the next sample. 

For liquid samples, therefore, it is advisable to 
add a solenoid valve to the bottom of the manifold. 
The sequencing mechanism is set such that a slight 
time gap exists between each point. The dump 
valve is normally open, and wired to close whenever 
any one of the sample valves is energized. As soon 
as the next sample valve opens, the dump valve 
closes and the manifold fills with fresh sample from 
the next point. Mixing of samples in the lines is 
virtually eliminated and a true reading is obtained. 


Packaged systems 


Solenoid valve-and-manifold sampling systems, 
Figures 6 and 7, may be purchased completely packs 
aged from analytical instrument companies. The 
eight-point system, Figure 6, complete with valves, 
timer, and annuniciator lights, measures 4 x 18 x 14 
in. The five-point system for liquid samples, Figure 
7, has all components mounted on a 2 x 2 in. stain- 
less steel bar. Here, the liquid sample flows up 
through a drilled port in the bar, across the top of 
the bar under the transparent discs held in place by 
the knurled thumb screws, and out another port. 
Such a design offers low cost, visible sample flow 
at all times, no small apertures that can become 
plugged, easy introduction of span and zero sam- 
ples, and automatic pressure relief. 


Sequencing and synchronizing 


Careful consideration should be given to the 
methods for sequencing the samples from each line 
into the analyzer and for synchronizing the sequenc- 
ing with recorder identification and response. Even 
though sequencing may proceed without difficulty, 
loss of synchronization would mean that the instru- 
ment is analyzing one stream but indicating it on 
the recorder as the composition of another stream. 

If a recorder controls the sequencing of solenoid 
valves, then no problem of synchronization arises 
since the two functions are stepped by action of the 
commutator disc in the recorder. If an external 
timer is used for sequencing, the synchronization 
problems becomes significant for it is unrealistic to 
assume that the timer and the recorder will remain 
synchronized. To assure synchronization, the re- 
corder’s printing mechanism must be controlled by 
the timer, a simple enough matter to accomplish 





TWO COMMON 
ANTILEAK 
CONFIGURATIONS 


FIG 4. Block-and-bleed antileak _ar- 
rangement. Point 3 is being sampled. 
The first valve in the other sample 
lines blocks sample flow. The second 
valve vents in case any valve leaks. 
With this arrangement, all lines not 
carrying sample to the analyzer are 
blocked and all lines between the 
block point and the line being sampled 
are at atmospheric pressure. If a leak 
occurs in any valve the sample will 
leak out an atmospheric line rather 
than into the sample line under anal- 
ysis. System is leakproof but when 
switched to next point certain lines 
must be flushed of previous sample 
and the only way to flush is through 
the analyzer. Thus flushing may re- 
quire considerable time if points vary 
radically in concentration. 
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ment. This system is used where it is 
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point 2 is being analyzed. Any sample 
still in manifold from point 1 is 
flushed out of manifold through re- 
strictors at either end to vent. At the 
same time the block-and-bleed is used 
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because it is merely necessary to disconnect the print 
mechanism from the pulsing switch in the recorder 
and instead power the mechanism through timer 
contacts. Thus, the printer can advance only when 
pulsed by the timer as it sequences the valves. 


Dwell time per point 


The speed of response of the analytical instrument 
sets the minimum dwell time per sampling point. 
Other factors that will increase needed dwell time 
are length of sample line between analyzer and 
bypass valve, pressure of sample and velocity in line, 
composition and concentrations of the analyzed sam- 
ple, and the over-all accuracy of analysis. Materials 
containing water vapor, alcohols, and hydroxyls, for 
instance, require longer dwell times than usual cal- 
culations might indicate. Because these substances 
cling to the walls of sample tubing and other hard- 
ware, reaching the true steady state condition needed 


for accurate analysis takes more time. 

All these considerations must be taken into ac 
count during sampling system design and layout 
because a long enough dwell time per sampled line 
assures that true composition can be analyzed and 
recorded. Furthermore, dwell time per point more 
than any other factor influences the decision as to 
whether a multiple stream system with a single 
analyzer or with several analyzers should be used 
to assure accurate, timely analysis of all streams. 
For example, if 10 streams must be analyzed by a 
refractometer in five minutes but the required dwell 
time per point is one minute, then two instruments 
must be used, each handling five streams. 


Sample point identification 


One important factor in any multiple stream sys 
tem is the means used to identify at some later time 
the particular point being sampled at any instant. 
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Methods for identifying sample points are limited 
only by the ingenuity of the design engineer and 
the willingness of the operator or other plant per- 
sonnel to interpret certain coding and markings. 
Figure 8 shows five methods of identification. 

The particular method to use depends to a great 
extent on the number of sample points being tested 
in one cycle, the dwell time per point, expected 
variation in readings between successive points, the 
number of analytical instruments involved, and 
whether alarms or control functions are needed. 

Numeral print multipoint recorder—The simplest 
identification method is to use a multipoint recorder. 
Each stream component is assigned a numeral on 
the recorder’s print wheel, and the chart reading 
associated with that numeral indicates quantity. 
Thus it is simple to interpret readings at a later 
time, especially when many points are involved. If 
the valve sequencing function obtainable from such 
a recorder is used and the equivalent cost taken into 
account as compared with some other method, 
then the multipoint recorder may offer the smallest 
net cost as well as the simplest interpretation. 

Even when a large number of streams and com- 
ponents must be recorded, it is not always necessary 
to use a recorder with many numerals on the print 
wheel. Consider the foilowing alternative. The 
problem is to measure two components at 12 dif- 
ferent sample points. A 24-point recorder could do 
the job. However, another, more economical, ap- 
proach is to use a three-point numeral print recorder. 
Points 1 and 2 record the values of the two com- 
ponents while point 3 prints at 12 different places 
on the chart to identify each of the 12 samples 
prior to the printing of 1 and 2 for each sample. 
The position of point 3 is set by one of 12 voltages 
fed to the recorder by an external voltage divider 
network sequenced by a timer. Such operation is 
quite similar to the pen position prior to analysis 
identification method described later. 

Operations pen—The operations pen is a small 
solenoid operated unit which drags along the edge 
of the chart on a conventional strip chart recorder. 
When energized, the solenoid causes the pen to 
move in about 4 inch toward the center. The pen 
then drags a line in this new position. Thus, when 
the operations pen is energized by the same mech- 
anism that energizes the valve for a particular stream, 
the line position indicates that point is being sam- 
pled and the deflection of the regular pen indicates 
concentration. 

Two operations pens can be installed, one on each 
side of the chart, the combination of their position 
lines offering simple identification of four different 
streams. Thus, for about $150, the cost of two opera- 
tions pens, a single-pen strip chart recorder can be 
accommodated to a four point sampling system. 

Pen position prior to analysis—The pen position 
technique is usually used for one or more of the fol- 
lowing reasons: A line-drawn record is desired, a 
single pen recorder is already available, a miniature 
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recorder is needed because of space limitation, and a 
large number of points are involved but a multipoint 
recorder would be uneconomical. 

In the pen position technique the timer that se- 
quences the sample valves also operates relays that 
in turn select the proper resistance in a voltage 
dividing network so as to inject a fixed but different 
signal—corresponding to each stream number—to 
the recorder for part of the sample time. Thus the 
deflection of the pen prior to analysis identifies the 
stream being recorded. ‘This technique offers ease 
of chart reading. It is simply necessary to scan the 
chart at one position and observe all readings begin- 
ning from that position to determine the variation 
in concentration in any one sample point. 

Print holdout or chart advance—This technique is 
often used when a multiple stream system employs 
several analyzers. For example, if it is desired to 
sample three streams for two components and have 
the readings produced on one three-point numeral 
print recorder, some identification must be pro- 
vided as to which component has been recorded. 
The sequencing arrangement can be established so 
that after recording six readings the print mechan- 
ism is temporarily disconnected and the chart ad- 
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Fig. 6. Eight-point sampling system. 
(Mine Safety Appliances.) 


FIG. 7. Five-point liquid sample manifold 
and valve system. (Waters Associates. ) 








FIG. 8. FIVE WAYS TO IDENTIFY 
MULTIPLE SAMPLES ON CHART. 
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Table Il 


ESTIMATING MULTIPLE STREAM SAMPLING SYSTEMS 


Number of Points 


2 4 6 





Basic recorder.............. $900 $900 $900 
Valves, filters, flowmeters, and 

$100 $225 $325 
Engineering... . . $200 $300 $350 
Installation. . . ace $100 $150 $175 





$1,300 $1,575 $1,750 
SAMPLE POINT IDENTIFICATION 





1. Multipoint recorder 

2. Chart stamping device 
3. Operations pen 

4, Print holdout 





vances a small distance. Thus, the first three points 
recorded after a space can represent component one 
and the three following (without an intervening 
space) can represent the second component. 

Chart stamping device—Chart stampers, mounted 
on the front of the recorder after removal of a small 
section of door glass, are energized by an external 
signal to stamp an identifying figure on the edge 
of the chart in conjunction with a ‘recorded analysis. 
A clear and positive identification is obtained with- 
out altering the recorder’s basic operation. 


How much do sampling systems cost? 


Before installing a multiple stream sampling sys- 
tem it is wise to estimate the over-all cost. At first 
glance, the cost may appear negligible, but actually 
it is more than that for a few solenoid valves, filters, 
flowmeters, timers, and a recorder. Unless carefull) 
engineered in advance, the cost of such a system may 
become prohibitive both as to initial cost and to 
maintenance cost. Table II lists the basic cost of indi- 
vidual items in the system and totals costs for several 
different systems. For all systems the same recorder 
is assumed. As shown, when sample point identifica- 
tion is included an additional cost occurs. 

When the number of sample points required ex 
ceeds eight it is advisable to consider using an addi- 
tional analyzer and sharing the streams between 
them. For one thing, with too many points assigned 
to one analyzer the cycle time may become undesir- 
ably long. For another thing, the additional cost 
for an elaborate sampling system to handle all 
streams may equal that of an additional analyzer, 
particularly when the sample lines must be run 
long distances to accommodate a single analyzer. 

In the table, the “installation” cost includes the 
assembly of components and connection to the proc- 
ess. ‘Ihe costs used here, $5 per man-hour, include 
labor and burden. For example, in an eight-point 
system the sample lines may run from 100 to 200 ft 
each. Thus, the $200 allotted allows for 40 man- 
hours to cut, bend, and mount eight lines, and to 
assemble the system components. 
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CAMS in 
Control Systems 


Don’t overlook mechanical cam systems as potentially simple solutions 

for compensation and function generation problems in control systems. Often 
they can do the job cheaper and more flexibly than electrical or electronic 
networks. To show how, the author follows up an earlier article by concentrat- 
ing here on spiral contour cams, custom cam fitting, and subordinate cam 
applications. Examples demonstrate the design of cam systems. 


HAROLD A. ROTHBART, 


In an earlier article (CtE, June, ’60) an introduc- 
tion to the design of control cams was made. The 
article covered the basic operations possible with 
various cam arrangements and detailed the funda- 
mentals of selection and application. In addition, 
mathematical relationships were derived for the de- 
sign of cylindrical and Archimedes spiral cams. 

Figure 1 shows a third basic cam, the spiral con- 
tour cam with oscilating follower, which is probably 
the most commonly used type in measurement, con- 
trol, and computation. The contacting spirals gen- 
erally feature reversible, pure rolling action, which 
requires that one curve increase in radius while the 
radius of the other is decreasing. The surfaces may 
be smooth or furnished with gear teeth for high 
torque loads. Or a tape drive may be used to pre- 
vent slip between contacting surfaces. This tape 
steel secured to each member transfers movement 
between cams by tension rather than friction. 

The basis relationships for the spiral contour are 
readily derived. With reference to Figure 1, let: 
6, = angle rotated by the output driven member, deg 

6; = angle rotated by input driver, deg 

po = radius to point of contact at angle @,, in. 

p; = radius to point of contact at angle @;, in. 

C. = po + o = distance between centers of rotation, in. 

V, = velocity of point P, in. per sec 

The output angle bears a known functional rela- 
tionship to the input angle: 


6, = f(@) 


dé, 
dé; 


The velocity of point P (a point on either body) 
is equal to the radius multiplied by the angular 


By differentiation, - = f’(;) 
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velocity dé/dt of the respective body 
dé; dé, dé, pi 


or —- = (3 


Ve = wig = Poa d0; p 
The simultaneous solution of Equations 2 and 3, 
together with the use of the relationship C. i+ 
po, yields the foliowing expressions for the radii: 
cS C, vi C, ; 
1g ae” TPH) 
dé; 


dé, 
“dy  C.f(%) 
do 1+f'(@ 
1+ dé; 


Cc 


Equations 3 and 4 are the design equations for the 


FIG. 1. Spiral contour cam 
with oscillating follower. 
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FIG, 2. Steps used in mechanizing 
the equation z = kxy. 


contours of mating cams in terms of the variables 
p and @. In the case of noncircular gears, the equa- 
tions define the pitch lines of the mating gears. 

There are limitations to the range of functions 
that can be mechanized by the use of contour cams. 
One restriction is imposed by the available resolu- 
tion, which is a function of the amount of rotation 
of the input and output members. For greatest 
resolution, rotation of both should approach 360 
deg. The limits of movement can be extended by 
arbitrarily changing the values of the constants in 
the design expressions. Because this expedient 
affects the cam profile, circular gears must be added 
at the output to provide the multiplication or divi- 
sion needed to compensate for the changes in 
the constants. 

The second limitation is that a zero denominator 
Should be avoided. A function such as the product 
of a sine and cosine must first be offset by a con- 
stant which can later be canceled out by a differen- 
tial unit. This is explained more fully in the exam- 
ples given below. 

Innumerable manipulations are made possible by 
combining spiral contour cams or gears with circular 
gears and differential gear units. Several functions 
can be mechanized in tandem to produce a complex 
function. It is not necessary that the relationships 
be represented by a specific mathematical function. 
Cams can be designed on the basis of approxima- 
tions from tables of numerical values. 


Sample calculations 


To demonstrate the procedure for designing con- 
tour cams, assume that it is required to generate 
the equation z = kxy by logarithmic cams and to 
find the profile equations for one of the cams. 
Figure 2 shows the block diagram statement of the 
problem as well as the mechanism for solving it. 


Note that the 2:1 spur gear multiplier at the spider 
output is necessary since the differential output 
inherently yields only 4(log kx + log y). The 
calculations begin with a restatement of Equation 1: 


a = f( 4) =k log 6; 
Differentiating, /'(0;) = k/ 
Substituting this in Equations 4 and 5 yields the 
radii: 
C0 _ Cell _ CH 
O+k GA/kik +h 


Po = ene 
with constant k given and the centerline distance 
C, assumed, the cam dimensions may now be estab- 
lished. For k equals unity the angle of rotation of 
the driven cam is 110 deg and that of the driver is 
about 270 deg. In general, approximately 330 deg 
represents the maximum practical limit for cam 
rotation although it is desirable to have rotation as 
close to 360 deg as possible for reasons of accuracy. 

In a second example, it is required to develop 
contour cams and associated mechanisms for gen- 
erating the function 6, = cos? 6. After differentia- 
tion, the basic equation becomes: 


f'(0.) =—2 sin 6; cos 6; 


Inspection shows that contour cams alone are inade- 
quate for mechanizing this function because when 
6; = 135 deg, (6) = —1 and the denominators 
in the expressions for radii p. and p (Equations 4 
and 5) go to zero. To avoid this, the function may 
be modified by a constant K@, such that now: 


0 = cos? 6; + Ke, 


After the new function is generated, K@ is sub- 
tracted by a differential mechanism to reconstruct 
the original function 6, = cos? 6. The mechanism 
is similar to that shown in Figure 2B with the sub- 
traction obtained by adding another pair of gears 
to reverse the rotation of one of the inputs to the 
differential. Only monotonic funations can be 
mechanized in this fashion. 


Custom fitting 


Often it is discovered after working out a design 
on the basis of the above equations that the result- 
ing cams are impractical. They may be difficult to 
manufacture; one cam may have to rotate more than 
360 deg; the cams may be too large for the availab!e 
space; or the pressures set up at the line of contact 
of the cam surfaces may be too great. Fortunately, 
when these conditions occur they are easily reme- 
died. Techniques exist for modifying one or both 
of the cams to improve the design without affecting 
the generated functions. These techniques make 
use of new equations wherein the basic functions 
are multiplied by arbitrary constants. 

The new functions are: 

6; 
R= kK 


‘ 


S= x = 9(R) (6) 


where K;, and K, are arbitrary constants for each of 
the curves. Differentiating, 
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ee i , 
aR = K;- ~ = K, (7) 


Dividing, = x . oP = x g'(R) (8) 
The original Equation 1] is now replaced by S = 
z(R), leading to new revisions of Equations 4 and 
5. Substituting Equation 8 in revised Equations 
4 and 5 yields the radii of the two contacting 
ams, OF 


fe 
5 
C 


(9) 


(10) 


Equations 6, 9, and 10 provide all the informa- 
tion necessary to construct a cam for any monotonic 
function fulfilling the requirement that g’(R) not 
equal zero. It is desirable for the cams to rotate 
through as large an arc as possible to minimize 
errors due to backlash or lost motion. Therefore, 
it is often necessary to increase the shaft movement 
to allow cam rotation of approximately 270 deg. 
The cam contours should extend beyond these 
limits so that follower contact can be fully main- 
tained even at the extremities of motion. 

To amplify this discussion an example will be 
worked out. The problem is to construct a pair 
of cams for converting x into log x. The limits of 
input x are from 0.5 to 2.0 and the input shaft mo- 
tion is 40 deg counterclockwise for one unit of x. 
The distance between cam centers is 1.5 in. The 
solution begins with the following equations: 


8 = g({R) = logw R and R = 108 


From Equation 6, R = 


= logiez 


logos Ki logio x 
R 6; 10 


Substituting in Equations 9 and 10 yields 


1.56, ___1.5 x 10%/K. 
0; + , a logi¢ x 


Thus g'(R) = 


Po = 


o 


10% K, + . logio x 


1.5K, logio x | 
6; + K. logiox 


a 


It is known that x is linear with respect to input 
shaft rotation and increases 1 unit for each 40 deg 


FIG. 3. Two examples of 
cams used for adjusting or 
expanding the capabilities 
of linkage systems. 





of counterclockwise shaft rotation. For the reasons 
explained above, it is advisable to amplify shaft and, 
hence, cam rotation. Thus, circular gears with an 
increasing gear ratio of 4:1 are interposed, making 
K, now equal to 160 deg per unit of x. The total 
rotation of input cam is 160 times 14, or 240 deg. 
Next K, is chosen to be 400 deg per unit of log x 
so that the total rotation of the output cam is 
240.82 deg. Substituting K, yields the radii 

1.5 X 10%/400 


109/400 + 2.5 log 
600 log x d 
6; + 400 log zx 


pi = 


Note that the 4:1 gear ratio yields a negative frac- 
tion of x and negative log x, which may necessitate 
the addition of an idler or reversing gear. 

In another example, it is desired to indirectly 
measure the temperature of fluid A by measuring 
the saturated vapor pressure exerted by another fluid 
B in a closed system subject to fluid A, and then 
to convert this pressure measurement into a pro- 
portional movement along a linear temperature 
scale. The relationship of the saturated vapor pres- 
sure to temperature has been found to be of the form 


Btn 470 
Pisin nis. Fe: 7 edhe: (6/0 es \=1 
/log =5 
The pressure is converted to a uniform angular rota- 
tion of a shaft by a Bourdon tube or a similar device. 
The pressure range from 10 to 60 psi produces a 
45.5-deg movement of the driver cam, and the full 
range of temperatures (0 to 200 deg F) is to be 
linearly indicated by the 30-deg rotation of a scale 
pointer over the temperature range. 

In starting the solution the center distance be 
tween the cams is chosen as 3 in., the largest size 
that is practical within the space limitations. The 
equation for vapor pressure is restated as follows: 


_ eae 


(6 log to) —1 


From Equation 7, 


i =S = 


45.5 


(? a + 0.91 deg rotation/psi, and 
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K. = oe 9 = 0.15 deg rotation deg ts The last four equations give the information neces 
. sary for constructing the cam. It is necessary only 
From Equation 8, to substitute various values for temperature t,, to 
d 170 2.820 provide corresponding radii p and cam angles 6. 
“0 (6/og iy) 1 P(6/oe fo) Subordinate cams 
Substituting in Equation 9, | In the discussion thus far cams alone performed 
all the mechanical motions involved in function 
generation. Sometimes, however, cams serve in a 
(338) 2,820 lesser but vital role, as accessories in systems con 
i P(6 Pes ) taining various other types of mechanical members 
~ 10 such as gears, cranks, and linkages. When used 
thus, cams may have a range of operation that is 
po; = 3 — pp in. small compared to the total system movement 
From Equation 6, Figure 3A, for example, shows a mechanism whose 
LO ae ee [ bt, ] output is the sum of the motions of a crank chain 
6, ‘ .§ 9.1 exp = S ; : ere * ; 
 < F0 6 Oe ee tm + 470 and 4 cam-driven oscillating link. Figure 3B illus- 
trates a cam profile constraining the movement of 


g'(R) = 


3 


Also from Equation 10, 








/nput of cam 
follower C 


+— 





/nput of gear G 


Y 


Input, # 











Follower ——a, Input of cam 
follower C 





HNDADUOUAI 

















2:1 ratio 


OQ 
a 
3 


GearG 


Output y : f(x) 
Input x 











FIG. 4. Typical curve, A, that can be mechanized FIG. 5. Typical curve, A, that 
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a four-bar linkage. In both cases, the auxiliary cams 
may serve as co-input means or, as is more often 
the case, as corrective devices for adjusting the 
throw of the primary linkages. 

A common use for subordinate cams is in con- 
junction with epicyclic gearing. To delineate the 
applications for cams alone and for cams plus epi- 
cyclic gearing consider Figures 4 and 5. Figure 4A 
is the curve for a function in which output y has 
both increasing and decreasing values for the range 
x, to xo. A function so shaped can be mechanized 
only by the basic cam and follower system depicted 
in Figure 4B. In contrast, Figure 5A is a curve of 
vy = f(x) wherein output y increases continuously 
as input x increases. 

This tvpe of function can be mechanized by either 
a cam and follower, or by epicyclic gearing in com- 
bination with an auxiliary cam and follower. In 
the latter case the continuously changing output v 
is made up of straight-line segment G contributed 
bv epicvclic gearing plus the supplementary motion 
of the cam follower. It is possible too to design the 
system so that the cam output subtracts from the 
gear output. Then. the straight line would slope 
above the v =. f(x) curve rather than below it. 
However. usually the additive arrangement is em- 
ploved because of the simplicity of cam and gearing. 

Figure 5B shows a tvpical conventional arrange- 
ment with the cam follower action adding to the 
gear action to yield the following output at the 
spider shaft: 

y = f(r) =2G+0C) 

The cam and gear G are mounted on the same shaft. 
In effect, therefore, there are two gear inputs: via 
gear G indirectly to the sun gear and via follower C 
to the planet gear. The output is taken from the 
spider shaft through the 2:1 gear reduction needed 
to accommodate the coefficient in the above equa- 
tion. A subtractive relationship between G and C 
can be accomplished by installing an idler gear 
between the follower and the epicyclic gear to 
reverse the rotation of input gear C. 

To illustrate the procedures involved, a design will 
be worked out for an epicyclic gear-cam mechanism 
for linearizing the function y = x? between the 
limits x = 0 and x = 16. Figure 6 shows the 
input-output curve with a straight line drawn be- 
tween the desired limits. The gear ratio between 
input x and gear G is determined from the slope of 
the straight line as follows: 

ie Ay 4 I 
gear ratio G = me = 16 = 4 
The equation for the curve in Figure 6 is: 
you DPV2=_ G+C 
y= Wigetig 


substituting for G, aa ; 


Therefore, the function required from the cam is 
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7. Two types of compensating cams 
using screws for adjusting surface contour. 


Substituting various values of x in these equations 
vields the table of points necessary to define the 
cam profile. 

While the 4:1 gear ratio calculated for this prob- 
lem is considered the best first choice, the designer 
is actually free to arbitrarily select any input gear 
ratio he desires. This would, of course, change the 
slope of the G portion and require a different cam. 


Applications 


In measurement, control, and computing equip- 
ment, adjustable cams are widely employed to either 
(1) correct the mechanism action after installation 
when there is mathematical uncertainty of the 
parameters involved or (2) correct for changes in 
parameters with time. In flue-gas fuel control, for 
example, draft is a highly variable factor. The 
adjustable cam shape of Figure 7A has been success- 
fully employed in this application. The cam tape 
is attached to a follower. Adjustable screws estab- 
lish the cam surface that the tape contacts. Figure 
7B. shows a similar mechanism used on computers 
for temperature compensation. Again, there are 
adjustable screws, which in this case are attached 
to a thin copper sheet. This sheet serves as the 
end surface of a cylindrical cam and drives a trans- 
lating follower. 

Servomechanisms of many forms, including elec- 
trical and hydraulic, employ computing cams for 
two reasons: to amplify the measured deviation and 
to correct the deviation (if any) by feedback tech- 
niques. The cam function is primarily one of infor- 
mation storage and control, and not of power as in 
machinery application. In a cam-controlled flame 
cutting mechanism, for example, the cams contain 
the coordinate information for proper shaping of 
the workpiece. The cam followers drive linear re- 
sistance potentiometers that contro] the x and y 
leadscrew servos. The system includes a cutting 
speed regulating circuit that determines the speed 
of the cam-drive servomotor. In another example, 
cam-actuated linear potentiometers provide azimuth 
and elevation drive signals for simulating actual 
tracking conditions for missile radar. The cams can 
be changed in seconds to set up new conditions. 





V7035A 

3-Way Servo Valve 
Maximum flow: 6 
GPM. Proof pres- 
sure: 3000 Psi. 


V7037B 

4-Way Servo Valve 
Available in ranges 
from 50 cu. in/min. 
max. to 4 gals. /min 
max. at 1000 Psi. 
Proof pressure: 3000 
Psi. 


V7040A 

2-Stage Servo Valve 
Maximum flow: 40 
gallons/minute at 
1000 Psi. Proof pres- 
sure: 3000 Psi, 


V7041A 

2-Stage Servo Valve 
Maximum flow: 15 
gallons/minute at 
1000 Psi. Proof pres- 
sure: 3000 Psi. 


102 CIRCLE 102 ON READER SERVICE CARD 





Made only 
for industrial 
servo valve needs! 


RUGGED 
HONEYWELL 
QUALITY 


@ HEAVY DUTY CONSTRUCTION 
@ BUILT-IN FEED-BACK SYSTEM 


Honeywell offers you a complete line of electro-hydraulic servo 
valves designed to meet any industrial application, built to with- 
stand all industrial environments. 

Honeywell Servo Valves feature integral LVDT electrical feed- 
back to give you the widest electronic ‘‘spring-rate” selection 
available. Their new rate action assures greater inner-loop sta- 
bility. They have a low hysteresis, low threshold, high speed of 
response and almost infinite resolution. They are torque motor 
actuated and can be mounted in any position. And, they have 
only one moving patt so that maintenance is practically eliminated. 

Used with Honeywell amplifiers, commands, feedbacks, actu- 
ators and other complementary equipment in an all-Honeywell 
electro-hydraulic servo system, Honeywell Servo Valves provide 
dependable, efficient control of machines and processes. 

For complete information about Honeywell Servo Valves, call 
your local Honeywell office. Or write Honeywell, Dept. CE 11-1, 
Minneapolis 8, Minnesota. Sales and service offices in all principal 
cities of the world. 


Honeywell 


SINCE 1866 








CONTROL ENGINEERING 





CONTROL ENGINEERING 


F 


Transfer Function for 
a Stepper Motor 


The stepper motor, a unique contribution to the servo art, is capable of con- 
verting a digital signal into a shaft position. After deriving the transfer 
function, the author compares its response with that of a conventional servo- 
motor and discusses the effects of parameter variations on its performance. 


JOHN P. O’DONOHUE 
Bell Telephone Laboratories 


A stepper motor resembles the conventional ac servo- 
motor except that its winding is excited by a stream of 
es from a multivibrator or similar circuitry. There- 
ore, instead of the constantly rotating magnetic field 
characteristic of an ac servomotor, the stepper motor 
has an intermittently rotating field that indexes from 
one position to the next. The rotor of the stepper motor 
is usually a permanent magnet, which follows the index- 
ing field. The series of pulses and the required polari- 
ties for indexing a stepper motor with 90-deg steps 
through 360 deg are shown in Figure 1. The logic cir- 
cuitry feeding the windings supplies the proper sequence 
of polarities required for the stepping action. 

Fhe stepper motor in effect counts the number of 
tg it has received and gives an analog representation 
or this number of pulses in the form of shaft posi- 
tion. It is a reversible counter since either positive or 
negative pulses may be applied to its windings in any 
order. Common forms of motors are designed for incre- 
ments of 30, 45, 90, and 180 deg and with stepping 
rates as high as 120 pulses per sec. Other types capable 
of much smaller increments at higher stepping rates 
have been demonstrated. 


Function development 


The transfer function for the stepper motor is devel- 
oped from the same approach used to derive the transfer 
function of a servomotor. All terms are considered 
linear for a restricted range of operation and initial con- 
ditions are assumed zero. The notation used through- 
out this analysis is as follows: 


E(s) = Laplace transform of applied voltage, volts 
I(s) Laplace transform of current in winding, amp 
6{s) = Laplace transform of angular position of rotor, 
radians 
R = Resistance of winding, ohms 
K, = Voltage constant of motor, volts/radian 
J = Total moment of inertia referred to the motor shaft , 
slug-ft? 
D = Equivalent viscous friction, lb-ft /rad/sec FIG. 1. How permanent magnet rotor is made t 
K, = Torque constant, lb-ft /amp through 90-deg intervals in response to pulse input 


—--- > Position before pulsing 


—— > Position after pulsing 


NOVEMBER 1961 








wo 
oO 


Angular position, deg 





FIG. 2. Response of 
motor shaft to a step 
input to one winding. 














T = Torque, lb-ft 
s = Laplace operator 
The voltage applied to one of the stepper motor wind- 
ings 1S: 
E(s) = RI(s) + K.6(s) (1) 
Solving for the current through the field winding: 
E(s) — K.0(s) 
R 
The term K, represents the effect of the permanent 
magnet on the back emf of the winding as it advances 
(clockwise or counterclockwise) from one detent posi- 
tion to the next. The torque of the stepper motor is 
T = Kd (s) = Js*6(s) + Ds@(s) (3) 


Substituting Equation 2 in Equation 3 and solving 


for the transfer function: 


"eee nee . S ‘ = 
ee sia 
KK * 3S" * 
Equation 4 may be put in the general form of a 
second order expression. Let: 


r= VJR/K.K, 


DR D ; 5 ag 5) 
T= — - = - ~o 
2VKKJR 2N KK ”. 


Now, Equation 4 can be rewritten: 


I(s) = 


(2) 


4(s) l K,7? e 6 
. -_= + ( ») 
E(s) A+ Ss 4 — 
T as 
The denominator can be factored into the familiar 
conjugate form: 
O(s) _ 1/K,r 
E(s) (s + a+ J)(s + a — jp) 
es 
(s +a + 
where a = {/r 


g=+ vi-# (7) 


The response of the shaft to the application of a step 
voltage to one of the windings can be determined as 
follows: 

(8) 
s[(s + a)? +] 
Now the inverse Laplace transform of Equation 9 is 
taken to convert from the frequency domain to the 


6(s) = (9) 





time domain, resulting in: 


y, e~*' sin (8; + ¥) 
bp ee at 2 
K.r a + BNA + BP 


where y = are tangent B/a 


A plot of the time required for a 90-deg index of 
the stepper motor in response to a step input of voltage 
is shown in Figure 2. Note that the response of the 
stepper motor is similar to that of a conventional closed- 
loop positional servomechanism having an incremental 
input of the same order of magnitude as the detent 
stops of the stepper motor. It is assumed that the re- 
sponse and input of the servo are compatible so that it 
can settle out before the next quantized increment is 
applied. Thus, some of the generalized work concerning 
damping factor, peak overshoot, settling time, etc., on 
conventional positional servomechanisms is applicable 
to the stepper motor. 

In applying a stepper motor to an actual system, cer- 
tain interacting effects must be added to the transfer 
function, Equation 4. The moment of inertia J is the 
total effective inertia on the stepper motor shaft. It 
must include the reflected inertia of a gear train, if one 
is used, and the inertia of any component driven through 
the gear train. Depending on the gear ratio n, the re- 
flected inertia is: 

J = Ju op nJ 1 + J¢ 
effective inertia at load shaft 
stepper motor inertia 
gear inertia 
total load inertia 
gear ratio, load speed to motor speed 


where J 


r 
Ji 
nr 


uu ad 


The inefficiency of transmission of the gear train ‘is 
neglected in the above equation. Generally the first 
mating gear of the gear train contributes the most to 
increasing the effective inertia of the stepper motor 
shaft. From Equation 5 it can be deduced that increas- 
ing the inertia on the stepper motor shaft decreases the 
natural frequency (#, = 1/r) of the stepper motor. 
Also, damping ratio decreases as load inertia increases. 

The effect of the source impedance of the drive 
circuitry on the stepper motor’s transfer function must 
be considered as well. Increasing the resistance portion 
of the source impedance increases the value of R. This 
causes the natural frequency of the stepper motor to 
decrease and the damping factor { to increase. 


REFERENCE 
INCREMENTAL SERVOS, PART II: OPERATION AND 


ANALYSIS, S. J. Bailey, “Control Engineering’, December 1960, 
pp. 97-102. 
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Linear Variable Differential Transformers 
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schaevitz 
LVDT's 
meet all 
demands... 
and more 


The sensitivity and accuracy of Schaevitz 
Linear Variable Differential Transformers ex- 
ceed that of any readout or control devices 
available today. Therefore, by specifying a 
Schaevitz LVDT you can be sure of more 
successful control of displacement, pressure, 
velocity, force, acceleration, weight, thick- 


ness, contour, flow, or stress and strain. 


Schaevitz developed its first LVDT in 1946. 
Since then, more than one thousand different 
types of Schaevitz LVDTs supplied to many 
industries, are performing outstandingly. 


Many of these units were developed to per- 


*0.5 megohm load 


E-100D 


$@_00- 


formance specifications for unusual applica- 
tions; many have become “‘shelf"’ items for 


prototype and production quantities. 


You will profit, as have so many others, 
by using Schaevitz LVDTs, if you measure 
any physical factor which can be converted 


into a mechanical position displacement. 


You will find Schaevitz is also a valuable 
source for complete instrumentation systems 
as well as specialized components for read- 


out, control,and programming. 


* Send your sample order today. 
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Tape Programmed Camera 


Shows Fliers What They'll See 


This precision camera uses numerical control to produce 
motion pictures for training aircraft crews in recognizing 
earth terrain and in general flight training. The tape 
programmed unit “flies” a few inches away from relief 
maps, simulating the view from a few or many miles up 
for specific missions. Similar maps of the stars could 

be filmed for training in interplanetary flight. 


A. S. KASHAR and D. A. DISPENZA 
Kearfott Div., General Precision, Inc. 


No matter how advanced the instrumentation and 
how sophisticated the guidance system, human inter- 
vention will probably be needed in carrying out 
future space missions—just as it is now called for in 
piloting even the most automatic aircraft. This ce- 
lestial/terrain viewing system is currently being used 
to train crews of the Navy’s A3J Vigilante carrier 
based aircraft. This system could be used similarly 
to simulate spacecraft views of the Earth and the 
heavens for astronaut training. The training movies 
(for use in a Link flight simulator) are made by 
“flying” a camera, mounted on a precision machine 
positioner, over precalculated points on a relief map 
and photographing the approach to or departure 
from specific landmarks or aimpoints, Figure 1. 

To make the films, a stop-animation technique is 
used: the positioner, following punched tape com- 
mands, brings the camera over th¢ required inter- 
section of east-west and north-south coordinates at 
the proper simulated altitude. A second control loop 
adjusts the optics of the camera, and one frame is 
exposed. Light-coded information is simultaneously 
entered on the film alongside each frame by a bank 
of 23 grain-of-wheat lamps through an auxiliary 
optical setup. A closeup of the map with the camera 
in position is given in Figure 2. 


Positioning and optics control 


A precise machine tool positioning system moves 
the camera and optical system 72 in. in the east-west 
(X) and north-south (Y) directions and 6 in. along 





peste reer Ss 


the altitude (Z) axis in relation to the map-support- 
ing easel. The positioning system is programmed 
by digital information on an eight-channel punched 
tape or, when required, by pushbuttons. Positioning 
accuracy along all three axes is to within +0.001 in. 

Digital positioning codes are read by a tape reader 
in a pullout compartment of the operator’s console 
(shown in the background of Figure 1). The de- 
coding relays pass the information through ad- 
dress switches in a main console, see Figure 3. As 
the tape moves, stepping switches tap off voltages 
from a transformer in the command voltage panel 
of the main console. These voltages, which simulate 
the output from four synchro transmitters, feed 
four synchro transformers in the pickup unit. The 
transformers in the pickup unit, geared 10 to 1 to 
each other and also geared to a stationary precision 
rack gear, feed error voltages to a mixer panel. This 
mixes the four error signals into a single signal which 
is converted to a dc voltage to drive a motor-gearbox- 
leadscrew combination. This causes motion of the 
vertical column of the camera positioner. This, in 
turn, rotates the gear on the synchro pickup. When 
all synchros are at null, the camera is in the position 
corresponding to the punched tape digital input. 

As the camera’s slit scanner, located at the film 
plane, traverses the frame top to bottom, it takes 
in the maximum 36in. and minimum 0.334-in. 
slant range created by the angle of the pitch prism. 
During exposure the svystem’s computer constantly 
adjusts the optics of the camera to keep the image 
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FIG. 2. The camera in front of the precision built easel. Muap section, 3 ft 
square, represents 15,129 square nautical miles of terrain, in this case a section 
of Cape Hattaeras, N. C. Four such sections are normally used. . Actual film 
strip, taken at 56,000 ft altitude, is at right. Depression angle from horizontal 
changes from 64.5 deg in first frame to 11.8 deg in last; slant range to center 
of frame changes from 10.2 to 45 nautical miles 


in focus. The only elements that move during 
the exposure are the slit shutter and the focusing 


barrel, The camera is equipped with a reflex bore- 
sight attachment with crosshairs located within 
0.0002 in. of center frame. The boresight tool can 
be used at any time without removing the film from 
the gate or exposing the film in the camera. The 
lens is £/14, variable aperture. Central resolution 
is 50 lines per mm. 

The optical system is designed so that the view 
received and the image transferred to the film plane 
are duplicates of those received and reimaged by the 
aerial camera that produced the relief maps. Thus 
when the entrance pupil of the viewing system’s 
optics is just 0.29 in. from the surface of the map 
(scaled at a 250.000 to 1 reduction), the view is a 
replica of the objective of the aerial camera 1 mile 
above the actual terrain. This precise representation 
is achieved by a complex varifocal lens system, a 
modified bombsight design, which includes: 1) an 
elevation or pitch prism, 2) an objective lens of 
12-mm focal length, 3) a focusing lens of 135-mm 
focal length, 4) a correcting lens with aperture 
stop at center, 5) a delta prism derotator, and 6) 
a telephoto lens of 500-mm focal length. 

A pitch prism is oriented toward the aimpoint on 
the relief map. The entrance pupil (image of the 
aperture stop formed bv all the optical elements 
between the aperture stop and the terrain) is located 
0.36 in. in front of the first optical element of the 
eyepiece obiective lens. which forms a real, inverted 
image of a 50-deg field of view about the aimpoint. 
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FIG. 3. Control loop for 
X axis motion of the camera. 


This real image is formed near the primary focal 
plane of the focusing lens. Thus a collimated image 
of the terrain passes through the four-element field 
correcting lens package, the aperture stop, and the 
derotator prism and is reimaged in the field plane by 
the two-element telephoto lens. 

To control simulated aircraft pitch in the optical 
system, the pitch intermediate servo in the system’s 
computer console performs a digital to analog con 
version on the tape input. This information posi- 
tions a gear in the pitch intermediate servo that 
drives a pickup unit to null. The signal also places 
the resolver, mounted on the same shaft, at the 
angular position corresponding to the pitch called 
for by the tape. This is the only remote position 
sensing element. All other pickups (for azimuth, 
X, Y, and Z) are located at the optical system. 

For focusing, the focus intermediate servo in 
the computer console takes three analog inputs— 
pitch angle from the pitch resolver, slit shutter 
information from the slit resolver, and tape pro- 
grammed range information from a bank of relay 
operated resistors (Figure 4). The pitch and slit 
inputs are combined electrically to position a sine 
potentiometer. An analog voltage from the sine pot 
is combined with the range analog voltage that goes 
into a focus amplifier. This amplifier drives a focus 
barrel, provides feedback to the focus servoamplifier. 

Since servomotors move the lenses independently 
about the azimuth, pitch, and roll axes, it is not 
necessary to turn the large camera body to get azi- 
muth motion, for example. Instead, the pitch prism 
is merely rotated about the central barrel axis. To 
keep the plane image from rotating improperly, the 
derotator prism is geared to rotate in the same 
direction as the prism, but only through half its 
angle. Pitch or elevation is obtained by rotating the 
pitch prism about the pitch axis through half the 


| em} LEE 
| 
J 





panel 











panel 





Program 


} 


Altitude 
range 





























Azimuth 
direction 


FIG. 4. Camera optics control loops. 


desired angle. To simulate the view during spin, 
roll motion is obtained by rotating the delta prism 
through half the desired roll angle while the pitch 
prism remains still. 


Operating features 


The operator’s console has selectors allowing three 
modes of controlling the “flight” of the camera: 

¢ In the manual mode the camera may be jogged 
into position by depressing the approximate X, Y, 
or Z buttons. 

¢ For dial operation the horizontal, vertical, and 
lateral camera motions can be selected by depressing 
combinations of 150 buttons on the console panel. 

¢ For automatic control the 8-hole perforated tape 
provides the system with all necessary information. 

An indicator module not shown in Figure 1] but 
usually mounted atop the operator’s console, tells 
the operator what frame number is being taken. 
Four lights indicate special conditions. 
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It’s so precise and yet so easily adaptable to an almost 
endless variety of temperature control applications, you 
become all but convinced that the transistorized Model 
536 was engineered with only your needs in mind! 

From its multi-option printed circuit board to its 
numerous interchangeable components, the Model 536 
Temperature Controller spells versatility. ON/OFF or 
proportioning control . . . dial for set point adjustment 

9 mounted externally or internally . . . expanded scales for 
Here SS precise temperature adjustment — the 536 offers all 
these advantages! Five standard temperature ranges 
from —50 to +600°F . . . separate potentiometer with 
. graduated dial and knob for remote temperature adjust- 
a e- Our- O1Ce ment ... capacity of 10 amp/110 VAC and 5 amp/230 
VAC ... these choices are also available to you. And 
eye you pay only for the options you need! 

V ersatility The 536 is sensitive to within 0.1F°. And if you wish 
to build a multi-point control and indication system — 
either gradually or all at one given time — you simply 
combine the Fenwal Model 580 Temperature Indicator 

; ; " with as many 536 Controllers as you require. Thermis- 
with the Multi-option Fenwal tor sensors enable fast response and ordinary copper 
536 Temperature Controller lead wire may be used for connections. Removable in- 
terior of the Model 536 allows easy, safe installation and 
the instruments are smartly styled to perfectly comple- 

ment modern industrial machines and interiors. 

Find out more about how the precise Model 536 
Temperature Controller can be adapted to your exact 
needs by writing to FENWAL INCORPORATED, 2911 
Pleasant St., Ashland, Mass. Request Bulletin MC-195. 


Another 
example of how 


CONTROLS TEMPERATURE... PRECISELY 
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Pneumatic Logic—Iiill 
POSITIONING AND SEQUENCING 


THE GIST: Pneumatic logic signals are often strong enough to drive actuators 
directly, which makes for simple and economical controls. But where power 

- gain is needed, piloted valves serve for on-off actuation, and diaphragm 
valves with airmotors provide proportionally amplified signals. The circuits 
described here (positioning and sequencing controls for materials handling 
applications) provide the desired output with few components and 
straightforward circuit design, using techniques described in previous articles. 


E. L. HOLBROOK, Barker Instrument and Machine Co., Inc. 


1. POSITION SENSING, FEED RATE CONTROL, AND MATERIAL HANDLING 
are accomplished by relatively few pneumatic components in this circuit. 
When the operator moves valve A, air feeds into cylinder B, and the piston 
and saw descend. Saw feed rate into the workpiece is governed by the 
adjustable exhaust valve porting valve A to atmosphere. On the piston 
downstroke, cam C moves to release valve D, porting cylinders E and F to 
atmosphere and thereby enabling the pistons in E and F to retract. 

After the cut is complete, the operator returns valve A to the position 
shown and the saw retracts. Cam C strikes valve D, signaling that the 
blade position is clear of the workpiece. This ports air supply through valve Supply 
D into “kick” cylinders E and F, ejecting the sawn workpiece. Several prac- 
tical advantages are gained: placing valve A away from the sawblade 
removes the operator from a dangerous work area; controlling blade feed 
improves blade life; automatic cutoff removal increases output 30 percent. 














I A i a 2. FOR POSITIONING in long stroke applications, a system providing 


six positive positions was designed using standard pneumatic 
components. Commands are entered via button valves A through F, 
and shuttle valves G through Q gate the commands to the cylinders, 
R through U. Cylinders R and S are one tube with a fixed head 
between them, as are T and U. Space between stops equals the 
stroke of S, or T, or U. The stroke of R is twice the distance 
between stops. Connections to the cylinders are made through 
flexible hoses. The flexible hose label indicates the cylinder sup- 
plied and the direction of the cylinder movement. Plus is toward 
stop 5 (full extension) and minus is toward zero (full retraction). 

Button valve F has been depressed, commanding a move to 
position 5. Air coming from supply through valve F affects shuttle 
valves G, H, J, K, M as shown. The state of |, L, N, 0, P, Q is not 
shown as it depends on which button valve was previously de- 
pressed, but these shuttle valves are open to R-, S-, T-, and U- to 
exhaust cylinder air to atmosphere. Output from F is in 3 branches; 
to G, to M, and directly to U+. Output to M reaches T+. Output 
to G passes through H, then splits and feeds through both J and K 
to actuate R+ and $+. Power reaches to R+, S+, T+, and U+, 
extending actuators to position 5. 

By us ng a prime mark (’) to denote a blocked shuttle valve or 
button valve vented to atmosphere, Boolean notation can be used 
to describe a circuit. For example, when button valve B is de- 
pressed, the state of its three branches can be described by three 
expressions: B = (QA’) (PC’) (OD’) (NE’); B = IA’; B = KH’. By 
eliminating shuttle valves and substituting F’ for H’, the expressions 
reduce to B = A’ C’ D’ E’ F’. Similarly, D = A’ B’ C’ E’ F’. 
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3. POSITION CONTROL, VARIABLE SPEED DRIVE CONTROL, 
and a simple float arm sensor comprise this closed-loop liquid 
level control system. Whenever a fluid level is set in the 
tank, the system acts to maintain the level. Balance arm N 
is horizontal only when the liquid is at the established level. 
A rise or fall in liquid level tilts the balance arm. Air jets 
M and L sense changes in position of N. As the lever N 
departs from horizontal, it restricts air flow through one jet 
and increases flow through the opposite jet. Either of the 
diaphragm valves C or D is then operated by increased pres- 
sure, causing it to vent either the upper or lower end of 
cylinder J to atmosphere, allowing the piston to move down- 
ward or upward until lever N returns to a horizontal position. 
Displacement of the piston also shifts the plunger in valve A 
to increase or decrease pressure on diaphragm valve B, 
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Positioning circuits 
































which controls pump drive motor speed to balance the loop. 

When a sudden demand removes fluid from the reservoir 
faster than the vari-drive replenishes it, the condition shown 
at B results. Flow through jet orifice L is severely restricted, 
causing a backwave of air pressure that depresses the 
diaphragm in valve C, thus venting the lower end of cylinder J 
to atmosphere through valve C. The piston then descends, 
camming the pressure control unit, A, to deliver more pres- 
sure into the diaphragm valve B. As the diaphragm displaces 
to the right in response to increased pressure, it increases 
the speed of the vari-drive to move up the liquid level. If the 
liquid moves up too fast, jet M is blocked and the piston will 
displace upward, reducing vari-drive speed by its camming 
action. In this fashion, the system seeks to null movements 
of lever N, and tends to maintain a given liquid level. 


4. FOR FEEDING BARS into the oven of an aluminum mill, 
an air motor, M, is controlled through a valve, A, and slave 
cylinder, D. When the operator places valve A in Reverse 
position, as shown, air supply is ported through valve A and 
then via shuttle valve B into the left end of cylinder D, driv- 
ing the valve spool to the right as shown. This moves the 
motor control to R, feeding the bar to the right as airmotor 
power is transmitted to the conveyor through the rack and 
pinion. Placing the control valve handle at A (Advance) drives 
the bar to the left in a similar fashion but with opposite air 
flow. Placing the handle of valve A in Neutral gates supply 
air through center passages to both output lines. Shuttle 
valves B and C are driven to the position shown, but the 
double-ended piston centers in cylinder D, there being equal 
air pressure on both its ends. 

Cam valves F and H act like overtravel limit switches. In the 
absence of a signal from F and H, shuttle valves B and C 
accept signals from control valve A and vent air through A 
as described. But when either F or H is cammed, porting to 
the supply line, B or C is blocked off from venting and the 
blocked shuttle valve then ports supply into slave cylinder D, 
centering the spool regardless of the state of valve A. For 
example, when A is at R, as shown, and the bar is allowed 
to feed into cam valve H, supply through H shifts the position 
of shuttle C and centers the spool in D. 





Sequencing circuits 


























5. SEQUENCING the loading of soap into 
drying ovens involves handling both indi- 
vidual bars of soap and oven-size lots of soap. 
Components F, G, H, |, and J control the load- 
ing of individual bars onto the lifter; compo- 
nents B, C, D and E control the feeding of 
lifter loads into the oven. Lever valve A is 
controlled by the operator, to turn the system 
on, after which it operates automatically. 

As shown at A, the lifter is in the down 
position, cam valve E blocks supply from 
valve C, thus C provides no suppiy to shift 
valve B spool. Cam valve D also blocks supply 
from shifting the spool of valve B. Valve B 
thus “remembers” its previous condition and 
remains undisturbed, as shown, porting sup- 
ply to the upper end of the lifter power 
cylinder. Valve F, on the other hand, is held 
open to supply because the lifter is in the 
down position. As long as the lifter is down, 
F supplies air under pressure to the one shot 
soap moving group, G, H, |, and J. When a 
bar of soap moving on the conveyor cams 
valve G, air ports through G and I, actuating 
J to kick soap onto the lifter. While G is open 
to supply, it also furnishes pressure to H, 
which after a controlled delay, opens valve | 
to atmosphere, allowing the spring-loaded 
piston in cylinder | to return. After the soap 
is loaded, G is cut off from supply and the 
pilot portion to valve | bleeds back through H, 
returning | to the condition shown. 

As shown at B, a full lifter load of soap is 
detected by E which ports a momentary pulse 
of air through C to shift the spool of B. Air 
through E also flows to the pilot of C, cutting 
C off after a delay. B now ports supply to 
the lower end of the power cylinder, and 
vents air from the upper end. The lifter rises. 

As the lifter rises, F is cut off from supply, 
disabling the one-shot circuit, as shown at C. 
The lifter continues to rise until its load is in 
the oven, at which time cam valve D is 
tripped. When tripped, D channels supply 
into the pilot stage of B, shifting the spool 
to the right and reversing flow into the power 
cylinder so that the elevator descends. As 
the lifter descends, D is cut off from supply 
and vented to atmosphere. Since C is also 
cut off, the pilot portion of B remains undis- 
turbed. Near the bottom of the cylinder 
stroke, E is released and vents the pilot of C 
to atmosphere. Cam valve F is opened to 
supply, furnishing pressure to the one-shot cir- 
cuit. This sequence completed, the circuit is 
at its initial state, as at A. 
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6. FOR SUBMERGENCE TESTING TANKS at 
both low and high pressure, this circuit was 
designed both to control the sequence and 
to permit remote control testing under safe 
operator conditions. High pressure is pro- 
vided by a high pressure supply feeding 
through valve F; the low pressure is provided 
by reducing valve H. As shown at A, the 
operator has loaded the tank to be tested 
and has connected a flexible hose to it. Valve 
A is moved to the position shown to drop 
the tank into the reservoir at a rate con- 
trolled by the adjustable controller venting 
the cylinder bottom to atmosphere through 
valve A. Several safety interlocks are de- 
signed into the circuit. Low pressure from H 
is channeled through E to the pilot of F, to 
prevent the operator from inadvertently port- 
ing high pressure into the tank at this point 
in the sequence. 

After the tank is submerged, as shown at 
B, valve D is shifted by the cam to allow low 
pressure feed into the tank. As the lid slides 
over the test chamber, E is spring centered 
and channels pressure to the pilot ends of 
valves A and F. This prevents the operator 
from moving valve A to lift the tank (which 
would damage tank and lid) and from feeding 
high pressure into the tank. 

As shown at C, full closure of the cover 
shifts E valve to vent the F pilot, allowing the 
operator to move F to the position shown, 
filling the tank with high pressure air. When 
the high pressure test is complete, the 
operator reconnects F to the low pressure 
line. From the tank, the outgoing surge of 
high pressure moves through D and F to the 
diaphragm of G, shifting it to release high 
pressure from the tank. When the pressure 
has dropped low enough, G shifts, recon- 
necting low pressure to the tank. The cover 
can then be safely moved back. 

When the cover is fully retracted, valve E 
vents the pilot end of A to atmosphere, per- 
mitting the operator to shift A to lift the 
tank out of the test chamber. As the tank 
rises, cam valve D is released, venting the 
remaining tank pressure to atmosphere. 
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What!—counters for radar reading? To give the Navy vital facts fast, Philco 
builds counters right into radar control panels. These direct readout count- 
ers were designed by Veeder-Root to eliminate dials and manual interpre- 
tation of instrument data—make radar reading easier than ever. Find out 
how Veeder-Root can help you simplify your operations. Write to Instru- 
-ment Section, Veeder-Root Inc., Hartford 2,Conn. count on... VEEDER-ROOT 


Four Veeder-Root counters on either side of ___'F target in miles. Three counters (bottom) indi- 
screen tell radar operator exact location of “Wa aint cate angle and range in miles and yards. 
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Computer Equipment Comparison Series 


#2 


Punched Card Equipment 
for Intermediate 
and Large Size Computers 


This second survey article in Control Engineering’s comprehensive new 
series compares the important characteristics and features of all the 
punched card equipment available for use with 18 digital computers in 
the intermediate and large size groups. The article consists entirely of 
four tables: one each for the input and output equipment in each group. 
The definitions of terms presented in the opening article for medium size 
computer punched card equipment describe the same terms in these ta- 
bles as well, and hence the two articles should be used together. Next 
month’s article will compare punched tape input and output equipment, 
and future articles will go on to compare printers, magnetic tape devices, 
random access devices, central processors, and complete systems. 


NOTES FOR TABLES 3 THROUGH 6 


b. Any input-output device. 





e. Separates only rejected cards into smaller stacker. 
j. Non-stop stacker. 


k. Card readers or punches, paper tape readers or punches, 
or printers. 


Prepared by m. 99.5 with 80 columns, 99.8 with 90 columns. 
the staff of n. With special control unit may use any 705 Ill devices. 
CRESAP, q. Varies with central processor. Model 210 is 80 percent, 


Models 211 and 212 are 99 percent. 
McCORMICK and . 97.8 with 80 columns, 99.8 with 90 columns. 
PAGET 





Computer name codes: B—Burroughs; CDC—Control 
Data; G—Bendix; GE—General Electric; H—Minne- 
apolis-Honeywell; IBM—international Business Ma- 
chines; NCR—National Cash Register; Philco—Philco; 
RCA—Radio Corp. of America; U, UFC, USS—Reming- 
ton Rand Univac. 
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Table 5 PUNCHED CARD INPUT DEVICES (Large Size Computers) 


COMPUTER CDC 1604 IBM 705 Ili | IBM 7080/1BM 7090 | Philco 2000 | RCA 601 U 1107 








\\ IBM 088 IBM 521 714 7503(n) 711 258 623 Reader Reader 
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‘Table 6 PUNCHED CARD OUTPUT DEVICES (Large Size Computers) 


COMPUTER CoC 1604 IBM 704 | IBM 705 II! | IBM 7080 | IBM 7090 Philco 2000 RCA 601 U 1107 








DEVICE MODEL N( IBM 523 1BM 521] 721 722 722(n) 721 265 266 634 Punch Punch 
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Information 


Preserving Accuracy in Digital 
Data Transmission 


The increasing use of telephone and other commercial communications sys- 


tems makes error detection and correction techniques more important to the 


users of digital data processing. Following a brief discussion of the nature of 


errors arising in the transmission of digital data over communication circuits, 


this article describes the error detection and correction techniques actually in 


current use in commercially available data transmission systems. 


ROBERT F. SHAW 
Digitronics Corp. 


The techniques for detecting and correcting er- 
rors in digital data have been important to system 
designers throughout the history of digital com- 
puters. But error problems in computer systems 
have always been avoidable to some extent by care- 
ful equipment design to prevent or minimize the 
causes of errors. The increasing use of commercial 
communications networks for data transmission has 
lately introduced sources of errors that are beyond 
the control of computer systems designers, so that 
error detection and correction techniques are now 
much more important than they were. 

Communications companies have made great 
efforts to maintain and improve the quality of their 
circuits, and much progress has been made. But 
there are too many variables in large communica- 
tion networks, and particularly in the nationwide 
toll telephone system and those involving radio 
links. Thus the necessity for error detection and 
error correction has had a considerable influence 
on the design and operating efficiency of digital 
data transmission systems. The error-checking 
features of a number of currently available systems 
were mentioned briefly in Reference 1. 

Errors during reading of digital data from mag- 


The principal technique for error detection in 
data transmission systems is the use of codes that 
add some amount of redundancy to the data. 

Simple parity. The most frequently used code 
of this type adds an extra parity bit to each six bit 
character, as in most magnetic tape codes, to make 
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netic tape (which is the most prolific source of 
errors in self-contained systems) almost always re- 
sult from the loss of one or more bits: that is, 
errors are due to the changing of “ones” to “zeros” 
(drop-outs). Digital data communication, on the 
other hand, makes wide use of frequency shift 
keying (FSK) in which ones and zeros are repre- 
sented by different frequencies. Crosstalk or other 
line noise can make either of these frequencies ap- 
pear like the other for a few cycles, and the chang- 
ing of a zero to a one (pick-up) is about as frequent 
as the changing of a one to a zero. These differences 
influence the choice of error-detecting techniques. 

Radio circuits introduce particularly serious 
error problems because in addition to atmospheric 
noise and other types of interference they are sub- 
ject to fading, which tends to affect comparatively 
large numbers of contiguous bits or characters in 
a message. This article does not discuss error tech- 
niques for radio fading. 

The great bulk of digital data transmission is 
presently carried by telephone circuits. Tests by 
the Bell System (Ref. 2) show that 70 percent of 
typical connections resulting from regular toll calls 
will have error rates lower than one in 70,000 bits 
at a transmission rate of 1,200 bits per sec. This 
is much higher than the normal error rates in self- 
contained computer systems with magnetic tapes. 
But it is still low enough to be quite satisfactory 
with error detection and correction. 


detected errors prevent accepting wrong information 


the total number of “ones” either odd or even. This 
type of code is usually called a character parity or 
transverse parity code because the bits of a char- 
acter are read in parallel across the tape. In single 
channel transmission systems the bits are trans- 
mitted serially, so that the “transverse” parity bit 





is sent after each six-bit character. Even when the 
data is purely binary, it is usually grouped into 
six-bit “characters” because paper or magnetic tape 
serve as the input source and output recording 
mediums in most transmission systems. 

Where punched cards are the source of data, the 
card code is almost always converted into a more 
compact code before transmission. Thus the parity 
bit is added during the code conversion. 

A certain amount of error-checking during trans- 
mission is possible by examining the parity at the 
receiving end. For low-speed data transmission 
(under about 20 characters per sec) this simple 
parity checking is usually enough. The Friden 
Teledata system provides a simple parity check. 

At higher transmission rates there is more chance 
of a single disturbance affecting more than a single 
bit. A simple character parity code will not detect 
double errors (change of zero to a one or vice versa 
in two bits of the same character) because such 
errors do not change the “oddness” or “evenness” 
of the character parity. And there is a greater 
probability of two errors compensating each other 
to show “correct” parity in a transmission system 
where pick-ups and drop-outs are equally probable 
than in a tape reading system where drop-outs pre- 
dominate. Fast data transmission systems should 
therefore use a more rigorous check than simple 
character-parity codes. Three such systems are 
now in use: interlaced parity, cross parity, and 
error detecting codes. 

Interlaced parity. The RCA Da-Span system 
uses an interlaced parity check which adds a second 
parity bit to each character. This eighth bit makes 
the parity even for the second, fourth, sixth, and 
eighth bits taken as a group. The interlaced parity 
code will detect a disturbance which inverts two 
adjacent bits. While it will not detect the inversion 
of two bits separated by a bit that is not inverted, 
this kind of disturbance has a much lower prob- 
ability in serial data transmission than one affect- 
ing adjacent bits. 

Cross parity. Digitronics Corp., in its Dial- 
o-verter system, IBM in its 1009 and 7701 systems, 
and Epsco, Inc. in its DL-100 Data Link use a 
longitudinal parity check in addition to the char- 
acter-parity or transverse parity check. Actually, 
this checking system as a whole, using both trans- 
verse and longitudinal parity checks, is the same 
system used by IBM for checking magnetic tape 
data. In the case of magnetic or paper tape, the 
longitudinal check is made by counting separately 
the bits in each of the tape channels and adding a 
final character to each tape block that makes the 
total number of bits in each channel even. This 
check can be carried over to the data transmission 
operation by serializing the check character along 
with the data characters. Thus for an undetected 
error to occur in a transmission system using the 
seven-bit magnetic tape code, for example, com- 
pensating errors must appear in bits that are an 
integral multiple of 7 bits apart (or 8 bits if a 
framing bit is used). 

Error detecting codes. The third approach to 
more rigid checking has been used for many 
years in telephone practice. The Bell system trans- 


mits control signals representing the digits of a 
telephone number as combinations of five different 
audio frequencies, in which two and only two must 
be present to represent 10 digits. By extending 
the same idea to a 4-out-of-8 code it is possible to 
represent 70 characters. IBM adopted the 4-out- 
of-8 code for its Models 65 and 66 Card Trans- 
ceivers some years ago, and retained it when the 
transceiver was adapted for use with the Bell Sys- 
tem Model 200 Data-phone subset. 

A somewhat similar code is used in equipment 
designed for use with the Model 400 Data-phone 
subset, which employs a 2-out-of-8 code (actually 
a combination of two 1-out-of-4 codes) to give 16 
combinations. This provides the 10 combinations 
for numerical data plus six combinations which can 
be used for control functions. IBM’s 1001 data 
collection system uses this code. In addition to the 
three types of coding just described, RCA uses a 
“bit parity” code in its Model 130 industrial data 
communication system. This code requires trans- 
mission of two bits for each data bit, but it gives 
the extra degree of reliability necessary for indus- 
trial control data. In the bit parity code, a 1 is rep- 
resented by the pair of bits 10, while a 0 is repre- 
sented by 01. This code has a constant duty cycle 
and there are never more than two consecutive zeros 
or ones, which simplifies synchronizing or framing. 


Other approaches to error detection 


Line condition checks. In addition to error- 
checking codes, the frequency shift keying widely 
used in data communication permits a type of check 
which is independent of the data being transmitted. 
This is a “carrier presence” check. By looking for 
presence of the carrier or spacing frequency before 
attempting to receive data, this check can indicate 
poor connections. Or it can show long interruptions 
during the course of transmission (although these 
would also be detected by an error-checking code). 

Such line condition checks are particularly useful 
in unattended operation. They can be used to cause 
automatic disconnection in case of a poor connection 
or failure of equipment at the transmitting end, 
without first attempting several transmissions of a 
message. Checks of this type are used in the Digi- 
tronics Dial-o-verter and the RCA 130 data com- 
munication systems. 

Procedural checks. There are certain checking 
operations which, for want of a better term, can be 
called “procedural”. As an example, when the data 
format lends itself to uniform-length messages a 
message-length or character count check can be 
applied, as in the IBM 1001 data collection system. 
Epsco, Inc. recommends the transmission of pre- 
determined words or characters at fixed positions in 
each block with their DL-100 Data Link, with de- 
tection procedures to assure that the additional data 
are present in each block received. These checks 
are in addition to built-in parity checks. Digi- 
tronics Corp. provides an electromechanical print- 
ing counter in its Dial-o-verter system to count the 
total number of messages in each transmission at 
both transmitting and receiving terminals. Com- 
parison of these counts prevents “lost messages’’. 
These counters are also used for error correction. 


CONTROL ENGINEERING 





Error 
correction 


While it is essential to detect errors in data trans- 
mission, some procedure, whether automatic or 
not, must eventually correct the transmitted mes- 
sage. As in the case of error detection methods, the 
best approach to the problem is influenced by the 
speed of transmission. 

In systems operating slower than about 20 char- 
acters per sec it is seldom economical to provide 
automatic procedures for error correction. Thus in 
the low-speed systems like Friden’s Teledata, IBM’s 
card transcribers, and RCA’s Da-Span, the detec- 
tion of an error stops transmission, and indicates 
the error visually. Manual intervention is required 
to restart transmission. 

At higher transmission rates, the time lost for 
manual intervention becomes important enough to 
justify some degree of automatic procedure. Auto- 
matic procedure is also necessary where one of the 
terminals is unattended. 

The first step toward automatic error correction 
requires tagging a message containing an error so 
it can be identified and ignored later, and a cor- 
rected message obtained if it has not already been 
corrected automatically. In the IBM 1001 system, 
which records received data on punched cards, any 
card containing an error receives a control punch 
in a particular column. The Digitronics Dial-o- 
verter system, when receiving on paper tape and 
in some cases on magnetic tape, records a distinc- 
tive error character in place of any character re- 
ceived with the wrong parity, and again at the end 
of the message containing the error. The paper 
tape terminal can later be used off line to read a 
received tape in the reverse direction (thus caus- 
ing the error character to occur first in its mes- 
sage), transcribing onto another tape only those 
messages not tagged with the error character. 

The best procedure for handling errors is auto- 
matic retransmission of defective messages. There 
are two prerequisites for automatic retransmission: 


Error 
prevention 


There are certain steps which can be taken. to 
reduce the incidence of errors in data transmission. 
Two are worth mentioning here. 

An error in any system using automatic tagging 
or retransmission requires retransmitting for an 
entire message, so there is an advantage to keep- 
ing messages relatively short. In fact, under condi- 
tions where the probability of errors is high, a 
point may be reached at which it becomes almost 
impossible to transmit long messages successfully. 
A buffer memory puts an automatic limit on mes- 
sage length. But in paper tape transmission sys- 
tems without a buffer the choice of a suitable mes- 
sage length may well depend on the incidence of 
errors. Reference 2 contains charts for the selec- 
tion of optimum message lengths based on various 
error conditions. 

The other procedure for minimizing errors is 
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but the correct message must still be transmitted 


the receiving station must be able to notify the 
transmitting station of an error (this requires two- 
way or “half duplex” communication) and the 
transmitter must be able to retransmit the message. 
If the transmitting terminal includes a _ buffer 
memory, retransmission is simple because each 
message can be held in the buffer until correct 
transmission has been verified. If there is no buffer 
memory, as is usual when transmission is from 
paper tape, retransmission is possible only if the 
tape reader is bi-directional and suitable controls 
are provided, as in the Dial-o-verter system. 

A buffer memory at the receiving station provides 
an added advantage: a garbled message need not be 
transferred from the buffer to the recording me- 
dium. Thus the output recording can be made 
error-free. 

The number of attempts to retransmit a given 
message is usually limited to avoid unnecessary 
loss of time when line conditions are unusually bad 
or when persistent errors arise from defective data 
at the transmitting end. If a message cannot be 
transmitted successfully in a predetermined number 
of attempts, the operation halts and manual inter- 
vention is required, or if the system is unattended 
it automatically disconnects from the line. 

tetransmission may correct all characters which 
were bad in the first transmission but it may also 
introduce errors in characters previously received 
correctly. This problem can be avoided by a process 
called “reconstitution” if a buffer memory is avail- 
able at the receiving station. The message orig- 
inally received is read from the buffer memory 
during retransmission and its character parity ex- 
amined, along with the character parity of the 
incoming retransmitted message. If a character of 
the original message has the correct parity, it is 
not replaced by the corresponding retransmitted 
character. Thus there is no possibility of replacing 
a good character with a bad one. 


selected transmission conditions raise error immunity 


based on the observed fact that the amount of dis- 
turbance on a particular toll telephone connection 
remains relatively constant—i.e., a connection is 
either a “good connection” or a “bad connection”, 
but is seldom good one minute and bad the next. 
Thus if errors show up frequently during trans- 
mission of the first few messages, it is relatively 
futile to hope that conditions will improve, and it is 
advisable to disconnect and then re-establish the 
connection. This procedure will usually bring a 
marked decrease in the error rate because the aver- 
age error rate for a toll connection is quite low. 
REFERENCES 
WHAT’S AVAILABLE FOR DIGITAL DATA TRANSMIS- 
SION, “Control Engineering”, February 1961, pp. 127-133 
CAPABILITIES OF THE TELEPHONE NETWORK FOR 
DATA TRANSMISSION, “Bell Systems Technical Journal”, 
May 1960, pp. 431-476. 
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Taylor-built graphic pane! at the new Hess refinery at Port Reading, New Jersey, showing some of the many 700 series 
TRANSCOPE® Recording Receivers and Controllers. 


Fluid catalytic cracker section of main panel. One of the many Taylor TRANSCOPE 726T series pres 
sure transmitters. 


Laylor Lnslruments 
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Control panel for 
vacuum crude unit is 
located in a separate 
room remote from 
main control panel. 


Four of the Taylor 
TRANSCOPE 707 series 
flow transmitters on 
the alkylation unit. 


ELECTRONIC 
SUPERIORITY! 


In selecting electronic controls for their ultra-modern 
refinery at Port Reading, N. J., Hess Inc. based their 
decision principally on four factors: 
© The quality of the instruments 
Systems capability of the supplier 


. 
e Supplier know-how in refinery applications 
@ Ability to deliver on time 


Based on these considerations Hess chose Taylor 
The units, designed by U O P and engineered and 
constructed by Procon Incorporated employ more 


than 100 Taylor control loops. These include systems 
for the vacuum crude units, the fluid catalytic cracker, 
the gas concentration plant, the alkylation unit and 
various other treating units. Hess operating per- 
sonnel were very pleased with the ease of start-up 
and subsequent on-stream performance of the instru- 
mentation. For information on a Taylor electronic 
control system for your plant see your Taylor Field 
Engineer or write for Bulletin 98335. 
ment Companies, Rochester, N. Y., 


Taylor Instru- 
or Toronto, Ont. 


MEAN ACCURACY F/RST 
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“Bob, the computer analysis 


says we should buy those parts 
instead of making them” 


NEW CAPITAL INVESTMENT PROGRAM 


Here’s a new IBM computer program that’s yours for the 
asking. Using the Investors Method (Rate of Return on 
Investment), it helps you evaluate—quickly, economically, 
uniformly—alternate proposals for spending your com- 
pany’s money. 

The program will help you solve problems like these: 
should you buy a new piece of equipment or keep the old 
one in repair; should you increase your manufacturing 
facilities; should you buy or make certain products; how 
should you spend your money for research to make the 
most profit? 

These are only a few of the problems that the Capital 
Investment Program handles. All it takes is the Program 
and an IBM computer that accepts FORTRAN programming 
language. The low cost IBM 1620 Data Processing System 
is one such computer. 

The new Capital Investment Program is another of the 
many problem solving programs IBM offers you to help 
make your data processing system a more effective and 
more profitable tool for managing your business. 

Your local IBM Representative can give you complete 
details on this, as well as previously announced programs, 
which included Sales Forecasting, Materials Planning, In- 
ventory Management, Plant Scheduling, Work Dispatch- 
ing, Operations Evaluation, Inventory Management Simu- 
lation, and many others. 


® 
DATA PROCESSING 


CIRCLE 125 ON READER SERVICE CARD 














+ 
HOMEYWELL 










































































Now...fast, easy wiring in 


Quick and easy...a few turns of the screwdriver put 
switch terminals out in the open for fast wiring. The 
combination insulator-seal liner is permanently 
fastened in the bottom half of housing—can't drop 
out, be forgotten, or installed wrong. Even the conduit 
hub is hex-shaped for faster installation. 

The extra-rugged *E6"’ and *‘V6"" die-cast housings 
are sealed against dirt and oil splash. The basic switch 
is built for MICRO SWITCH precision action for mil- 
lions of operations. 

You can get these small easy-to-use switches from 
your nearby authorized distributor of MICRO SWITCH 
products. He stocks a full line of snap-action switches 
with a wide range of actuators and operating char- 
acteristics. See the Yellow Pages. 


ELASTOMER 
PLUNGER SEAL 


BASIC SWITCH 


COMBINATION 
INSULATOR ~SEAL 
AND BOTTOM 
ENCLOSURE 


WRITE FOR CATALOG 83-20 PAGES OF HELPFUL INFORMATION ON ENCLOSED SWITCHES 
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*“E6” and “V6”’enclosed switches 


8 DIFFERENT ACTUATORS—IN SIDE OR BASE MOUNTING DESIGNS 


& ROLLER PLUNGER 


OVERTRAVEL SEALED ROLLER ARM ROD ACTUATOR 
PLUNGER 


Fa | § 


ELASTOMER SEALED CROSS-ROLLER ONE-WAY ROLLER ARM ROLLER ARM 
PLUNGER PLUNGER 


MICRO SWITCH, FREEPORT, ILLINOIS H I] 
A division of Honeywell oneywe 
In Canada: Honeywell Controls, Limited, Toronto 17, Ontario MICRO SWITCH Precision Switches 
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MODEL 3500 Uni- 
Directional Reader. 
Speeds to 2000 cps. 
Stops before the fol- 
lowing character at 
1000 cps. 


MODEL 83500 Bi- 
Directional Reader. 
Speeds to 1000 cps 
Stops before the fol 


For a Complete Line of —— “ 


Perforated Tape Equipment 


DIGITRONICS 2 


MODEL 4566 Bi- 
Directional Tape 
Handler. For use 
with mode}! 3500 or 
B3500 readers. Han 
dies 500 feet of 5 to 
8 level tape, in 
either direction, at 
speeds to 400 cps 


. y 
High Speed, a tes 
All Solid State 


HANDLERS and , of 
PHOTO-ELECTRIC READERS ection Reve 


er. Full servo reel 
control. Speeds to 
600 cps. while han- 
dling 1000 feet of 5 
to 8 level tape. Inte- 
grated electronics 
chassis contains 
vacuum tube reel 
servos, solid state 


No matter what your requirements... whether for use yy =n alles 
with digital computers, machine tool controls, ground 

support or other instrumentation ...8 basic Dykor® 
models each of modular design allow Digitronics to tailor 
its equipment to meet your specific requirements. All 
solid state construction for years of low maintenance if you plan to attend the EJCC in 
operation. Speeds from 50 to 2,000 characters per sec- Washington, D. C., December 12-13-14, 
ond, 5 to 8 level interchangability, dual speed motors be sure to visit 


and many other Digitronics options. BOOTHS 93-94-95 


to see the NEW readers and handlers, as well as the 
See your local Digitronics representative listed below or Comsnsiretins ay ie Sates Sytem wensmiiing 


‘ : : data between Washington and New York. 
write for full technical information to: 














> DIGITRONICS corrorarion 


é 


LOREN F. GREEN & ASSOC. Chicago (Ill.) Phone AV 6-6824 COMPONENTS SALES CALIFORNIA Sherman Oaks (Calif.) Phone ST 8-4550 
WOOD CLEMONS CO. Minneapolis (Minn.) Phone FE 9-0707 HYTRONIC MEASUREMENTS, INC. Denver (Colo.) Phone PE 3-3701 
L. G. WHITE & CO. Silver Springs (Md.) Phone JU 5-3141 N. S. BROWN & ASSOC. Dallas (Texas) Phone EM 3-3698 
COMPONENTS SALES CORP. Hartsdale (N.Y.) Phone SC 5-1050 BURT PORTER INC. Seattle (Wash.) Phone EA 3-8330 
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IDEAS AT WORK 





Computer Takes Derivatives to 
Find Transfer Functions Directly 


R. W. LEVINGE 
Wayne Kerr Laboratories Ltd. 
England 


Linear four-terminal networks are 
uniquely defined by their transfer 
functions. But normal analysis meth- 
ods—either the phase-gain approach 
or the transient response—require 
tedious calculation. This new tech- 
nique finds the transfer function di- 
rectly by taking derivatives of the 
excitation applied to the system and 
of its response. Manipulations of these 
derivatives finds the transfer function 
in terms of operator s. The unit allows 
computation for systems with transfer 
functions with up to fourth order 
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terms in the numerator and up to 
sixth order terms in the denominator. 
The circuit breaks the denominator 
down into two polynomials of second 
and fourth order as shown in the 
generalized transfer function given as 
Equation 1 in the box. 

Pots and switches set in values of 
coefficients a, b, and c; these are non- 
dimensional as the result of introduc- 
ing the factor T. T also determines 
the frequency range 

In the figure, driving signal D(s) is 
applied to a series of differentiators of 
equal time constant. Pots are used 
for continuous and independent ad- 
justment of D(s) and the amplitude 
of its derivatives. Two summing am- 
plifiers give separate excitation and ref- 


System response | 


System excitation signal D(s) fols) | 


set to equal Dis) x fas) 





Reference signal set 
to equal D(s) x fd(s) 














erence signals, transfer functions of 
both being adjustable. The excitation 
signal is applied to the system under 
test, whose output is the Y-axis input 
of the CRT. The reference signal is 
applied to the X-axis. System response 
on the Y-axis has the form of Equa- 
tion 2. The first factor represents the 
driving signal; the second, the trans- 
fer function denominator. 

Manipulation of the a’ and c’ terms 
in the driving signal cancels out the 
transfer function denominator; the b’ 
coefficients in the reference signal are 
manipulated to equal those in the 
numerator. A straight line trace at 45 
deg at all frequencies of D(s) indi- 
cates that these coefficients are correct. 
Thus by reading the pot dials, in con- 
junction with the chosen value of T 
(between 0.0001 and 4 sec), the co- 
efhcients of the transfer function are 
made known. 

In practice, the system uses four. in- 
tegrators to generate sinusoidal, ramp, 
step, or parabolic driving functions. 
Positive or negative steps determine 
the steady state a. and b, terms, while 
repetitive ramp and parabolic func- 
tions are used on systems with veloc- 
ity and acceleration lags respectively. 
Integrators are used instead of differ- 
entiators to overcome the noise prob- 
lems inherent in differentiators of 
l-percent accuracy, and the output of 
each integrator is considered to be the 
input of an equivalent differentiator. 
The additional quadratic factor in the 
denominator is provided by two dif- 
ferentiators driven by the intermediate 
denominator summing amplifier. 


Driving function and reference signals are built up from outputs of 
four differentiators. Comparison of the system response to the 
function and the reference signal on a CRT indicates when coefficient 
potentiometer settings equal the system transfer function constants 


driving 





F (s, T) = Rs, T) 


= bo = b, 8 T + by 5? T? & bg s* T? & b, st T* 








E (s, 7’) i“ (ao + a, 8 T + a, 8* T? + a3 8° T? + ay 8* T4) (o+as 7 +e 7%) 
R (s, T) = D(s) {(ao’ + ay’ 8 T + ay’ 8? T? + ay’ 8 T? + ay’ 8* T4) (co + cy’ 8 T + &’ &* T?)} 
bo + b, 8s T + bo 8? T? + bg 8? T? + bg 8* T* 





x (ao + a, 8 T' + a, 8* T? + a; 8* T? + ay s* T4) (oo + os T + C8 T?) 
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Need Accuracy 
eA a plus Economy 


in your Multi-Point Monitoring 


® Automatically Scan Up To Ten Points 


The instrument measures temperature, pH, flow, pressure, etc., and compares 
values from each sensing element with a full-range-adjustable set-point. Ten 
red lights on panel show scanning position. Scanning rates from 1 to 10 seconds 
per point are available. 


Automatically Indicate Process Condition 


A red scanning light glows brightly if process is over, (or under) preset value. 
The Economy Monitor can... 


Automatically Shut-Down Process, 


or activate auxiliary alarms, in the event of deviation from set-point. 


Additional Features 


The Economy Monitor is available with potentiometer or bridge circuit, has auto- 
matic reference junction compensation, continuous standardization and occupies 
just 7%” by 16” of panel space. Initial cost is low. Ranges are available for all 
standard sensing elements. Calibration accuracy is 0.25% of scale span — sensi- 
tivity is 1 microvolt, independent of scale span. 


a) Temperature WRITE for full information today— 
Electric 


Measuring Systems Instrument Section 73-11 
and Components 








THERMO ELECTRIC Co., Inc., Saddle Brook, New Jersey 
20 YEARS In Canada: THERMO ELECTRIC (Canada) LTD., Brampton, Ont. 
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IDEAS AT WORK 


Optical Scanner 
Spots 


inen Stains 


FIG. 1. Linen inspector checks Jaundered 
pieces for stains and holes at 150 fpm by de 
tecting variations in reflected light. Later ver 
sions will work twice as fast and will control 


the feed of linen 


to an automatic folder as 


indicated by the mockup output box above 


BRUCE CROSS 
McGraw-Hill News 


A fast rotating four-sided mirror 
feeding reflected light to a photomul- 
tiplier tube is used in this laundry 
inspector to detect stains and holes 
in newly laundered linen faster and 
more precisely than human _ inspec- 
tors can do. The device, Figure 1, 
developed for the Linen Supply As- 
sociation of America by Atronic Prod- 
ucts, Inc., looks at 150 ft of linen a 
minute, and a later version of the 
machine will double this rate. 

Two 250-watt lamps are focused on 
the linen, which is carried along by 
a conveyor. Light reflected by the 
linen shines on a four-sided mirror, 
Figure 2, which rotates and scans the 
conveyor table on a path 70 deg to 
the direction of conveyor movement. 
This diagonal scanning path allows 
the edges of napkins, table cloths, 





sheets, etc., to be curved slightly 
without causing deviations in the light. 

An optical’ system set near the 
rotating mirror focuses an image of 
the linen on the cathode of a photo- 
multiplier tube. The system is de- 
signed to look at a 4-in. diam spot on 
the linen. As the mirror rotates, the 
spot crosses the conveyor belt, which 
is 40 in. wide. When the spot has 
made a complete traverse, the mirror 
has rotated enough to begin another 
scan. Overlap of scans is kept down 
by keeping mirror rotating speed con- 
stant at 3,600 rpm and conveyor 
speed at 150 fpm. All-white linen 
reflects a certain amount of light to 
the photomultiplier; if dark stains or 
holes are present, variations in light 
reflected cause the photomultiplier 
output to vary. 


Locating small pieces 


Since some pieces of linen are too 
small to cover the conveyor belt from 





FIG. 2. Rotating mirror assembly shows how four mirrors are attached to plastic 
base. Just to right of mirrors is small sync light, backed by a concave reflector. 
Photomultiplier tube and some of amplifier circuitry is also shown. 
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side to side, it was necessary to pro- 
vide some ground rules so that the 
inspecting device would not count 
uncovered parts of the black belt as 
holes. A synchronizing signal at the 
start of each scan tells the machine 
when to begin measuring. No meas 
urement is made after the sync signal 
until the photomultiplier output in 
dicates that white material is being 
scanned. After that, any dark area 
followed by a white area is counted 
as a stain or hole. As the scan pro- 
ceeds across the linen, eventually 
reaching the other side of the linen 
piece, there is a second chance for the 
conveyor belt to be counted as a hole. 
Again the same scheme is followed: 
a dark area must be proceeded and 
followed by a white area before the 
measurement is accepted. If dark area 
is scanned prior to the next sync sig- 
nal, the variation is rejected. 

The machine is far more sensitive 
to light variations than the human 
eye and is capable of detecting stains 
too faint for human inspectors to 
notice. To avoid an overzealous in- 
spector, threshold circuits pass ll 
light variations less than a preset 
amount from “white” to a “perfect” 
indicator. Signals above the threshold 
level are divided into two categories: 
stains and holes. Light colored stains 
reflect more light than dark colored 
ones, and holes let the black conveyor 
belt show through. This means that 
very dark stains are counted as holes, 
but black stains are very seldom found 
in laundered linen. 


Telling holes from stains 


Signals past the threshold level are 
applied to a relay coil. If the signal 
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Now measure direct 


capacitance at 60 readings 
per minute, dissipation 
factor to 20% 


Capacitors in production quantities can now be tested quickly and accurately with the new high 
speed, all electronic, El Model 6150 Digital Capacity Meter. 


MODEL 6150 SPECIFICATIONS 
Capacitance or dissipation factor is automatically measured at 60 Test frequencies: 120 and 1000 cps 
readings per minute and higher, and the result digitally presented 
both visually and in coded form for direct driving of printing devices. 
Readings are actual values. Possibility of human error has been 
reduced to a minimurn. 
Completely Automated Systems—The EI Model 10003 Capacitance 
Monitoring System, shown above, combines the Model 6150 with a 
ue tot, gram a simple, low priced, automatic capacitance Dissipation factor range: .01% to 20% 


Capacitance range: .01 ## fd to 1000 pfd 

Capacitance accuracy: .1% of reading +1 digit 
referred to the standard capacitor 

Capacitance resolution: .01% of full scale 

Speed of measurement: less than 1 second 
per parameter 


Applications include production lines of capacitor manufacturers, Dissipation factor resolution: .01% [-* | 
military component evaluation programs, receiving inspection test = eC 
areas and other uses where large quantities of capacitors must be Dissipation factor accuracy: .05% + .01 [ < |e 
tested quickly and accurately, +1 digit stu 


Ask your nearest EI field engineer for complete information on the Internal polarizing supply: O to 20 volts dc 


new EI Capacity Meter. He is thoroughly qualified to help with your Voltage across unknown: 300 mv to 30 mv 
component testing problems. 


Another significant breakthrough in digital instrumentation from 


Electro Instruments, Inc. | 


8611 BALBOA AVENUE, SAN DIEGO 11, CALIFORNIA 
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Engineers: Challenging opportunities now available. Contact Mr. Harvey Fleming. 





is not sufficient to operate the relay, 
the signal is passed to an integrating 
network which computes the area of 
the stain. If, on the other hand, the 
signal operates the relay, the device 
assumes a hole is present. 

Two capacitors integrate stain sig- 
nals, and the same kind of circuit is 
used for holes. One capacitor is for 
temporary storage and the other for 
permanent storage. When a stain 
signal occurs, a constant voltage is 
allowed to charge the temporary ca- 
pacitor. If the stain signal follows 
all rules—if it is preceded and fol- 
lowed by a white area signal—the tem- 
porary capacitor charge is dumped 
into the permanent capacitor. If the 
signal does not meet the stain criteria, 
the temporary capacitor is discharged 
to ground. The temporary capacitor 
is used for only one scan at a time. 
The permanent capacitor maintains 
its charge as long as the inspector is 
looking at one piece of linen. 

After several successive scans have 
indicated a black color across the en- 
tire scan width, the machine decides 


that the end of one piece of linen has 
been reached. When this happens, 
the permanent capacitor is discharged 
through a second threshold network. 
If the charge is high enough, the linen 
is considered to have too much stain 
area and is therefore unacceptable. 
The threshold level is set manually 
by the operator according to the speci- 
fications set by the owner of the linen. 
The operator can set three controls: 
stain intensity, stain area, and hole 
area. Small areas of stains and holes 
are generally acceptable. A _ sorting 
circuit separates acceptable and un- 
acceptable linen, flashing an indicator 
light to the operator. 

Although designed for all-white 
linen, the machine can be modified to 
analyze colored linen, or any other 
material, provided the defects appear 
sufficiently darker than the perfect 
material. The threshold levels merely 
have to be readjusted according to the 
reflectivity of perfect articles. The 
principle could obviously be applied 
to noting the number of knots in 
lumber or to detecting pits or dis- 
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colorations in sheet steel. 

The next steps for the linen asso- 
ciation are to double the conveyor 
speed to allow the inspection of twice 
as much linen in the same time and 
to replace the expensive-to-operate 
500-watt light source with a small 
lamp and narrow beam reflector. The 
reflector will be linked to the rotating 
mirror so that the light beam follows 
exactly the spot being observed by 
the photomultiplier. By concentrat- 
ing all its light within the 4-in. spot, 
a small lamp can give sufficient light 
for measurements. 

Eventually the LSAA hopes to use 
output signals from the inspector to 
control folding machines. Presently, 
linen is washed, dried, ironed, in- 
spected, and folded. Reject signals 
from the inspector would shunt poor 
linen away from the folder, allowing 
it to work full time on good linen. 


Fast Voltage Regulation for Large Loads 


JAMES S. MALSBARY 


Wagner Electric Corp. 


Automatic ratio control (ARC) 
transformers and regulators (see refer- 
ence) can do for large blocks of power 
what conventional electronic voltage 
regulators accomplish in low power 
applications. ARC equipment, rang- 
ing from 10 KVA single phase to 
12,500 KVA three phase, controls 
voltage to within +1 percent. In one 
installation, a 7,500 KVA ARC trans- 
former completed error correction in 
about 120 cycles; in another case, a 
150-amp, 12,000-volt three phase regu- 
lator brought the load voltage back to 
normal within 50 cycles. 

ARC is a means of adding two 
variable ac voltages so that their vec- 
tor sum stays constant. The trans- 
former, see figure, has a high muse 
primary winding, HV, and low volt- 
age, LV, and corrector, COR, sec- 
ondary windings. The bridge inter- 
connecting the LV and COR 
windings is composed of five variable 
impedances, Z,-Zs. 

If Z, and Z, are small and Zs, Z,, 
and Z, are large, any load current 
flows through the LV and COR wind- 
ings in the same direction; the volt- 
age across the load is the sum of the 


NOVEMBER 1961 


voltages across LV and COR. 

If Z, and Z, are small and Z,, Z, 
and Z, are large, load current flows 
through LV and COR in opposite 
directions; the voltage. presented to 
the load is then the difference be- 
tween the winding voltages. 

Finally, if Z:, Zs, Zs, and Z, are 
all large, and Z, is relatively small, 
the load current bypasses the COR 
winding and flows only through LV 
winding; only the LV voltage appears 
across the load. 

In all three cases, the voltage across 
Z; is in series with E,. By adjusting 
the relative magnitudes of the five 
impedances, any load voltage between 
the sum and difference of E, and E, 
can be obtained. 

In practice, the five bridge imped- 
ances are saturable reactors, controlled 
by a system of self-saturating mag- 
netic amplifiers. These are arranged 
so that if the load voltage drops be- 
low the desired value, Z, and Z, are 
decreased and Z, and Z, are increased. 
If the load voltage is too high, Z, and 
Z, are decreased and Z, and Z, are in- 
creased. When no correction to E, is 
needed, Z:, Z:, Zs, and Z, are kept 
large, and Z, low. 

Over a range of +10 percent nor- 
mal input voltage, and with loads 
varying from zero to 100 percent rated 
at power factors from 80 percent lag- 
ging to any value leading, load volt- 








J 


Saturable reactors Z,-Z, cause a variable voltage 
derived from E, to be added vectorially to E,. 





age is held well within +1 percent 
of the desired value. Distortion is 
so small that it is not detectable to 
the eye when the output waveform 
is viewed on an oscilloscope. 

ARC applications other than volt- 
age control include: 1) control of 
temperature by varying the voltage 
applied to electric heating elements 
by as much as +10 percent; 2) load 
division between two parallel trans- 
formers, at least one of which is an 
ARC transformer; and 3) maintain- 
ing constant current to a load. 


REFERENCE 


AUTOMATIC-RATIO-CONTROL TRANS- 
FORMER AND REGULATOR, James S. 
Malsbary, AIEE Transactions, Part III, June 
1959, pp. 388-395. 
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‘Tue Te that binds television’s top performer to 
instrumentation tape is strong—and it goes be- 
yond the fact that the same expert team produces 
the best of both. “ScoTcH” BRAND Heavy Duty 
Tapes share a common heritage—and uncommon 
endurance—with “ScoTCH” BRAND Video Tape, 
the tape that puts a network TV show on the same 
“clock time” from Maine to California. 
Similarities worth noting between the two: a 
similar high-temperature binder system, famous 


THE TAPE THAT CHANGED TV “SCOTCH” BRAND high potency oxides, a similar 


ability to resist tremendous speeds, pressures and 
temperatures while providing high resolution. 
FOR ALL TIME Let's look at ac heed of “SCOTCH” BRAND 
; Video Tape and see what message it has for the 
leads yon right 10 rugged user of saraciniaiiaadion tape. On a standard reel 
SCOTCH® BRAND Heavy Duty Tape of video tape like that 
: ‘ shown here, some 112 mil- 
lion pulses per second must 
be packed to the square 
inch—on a total surface 
area equal to the size of a 
tennis court. The tape must 
provide this kind of resolu- 
tion while defeating the de- 
teriorating effects of high 
speeds, pressure as high as 
10,000 psi and tempera- 
tures up to 250°F. 

The fact is that video tape must be essentially 
perfect. And it’s a matter of record that thus far 
only the 3M experts have mastered the art of 
making commercial quantities of video tape that 
consistently meet the demands of the application. 

Significantly, the high-temperature binder sys- 
tem developed for “ScotcH” Video Tape is first 
cousin, only slightly removed, to that used in the 
Heavy Duty Tapes. It’s this special feature that 
has given Heavy Duty Tapes their exceptional 
wear life. 

The moral emerges: for tape that provides the 
best resolution of high and low frequencies under 
the severest conditions, turn to “SCOTCH” BRAND 
Heavy Duty Tapes 498 and 499. 

They offer the high temperature binder system, 
plus the same high quality and uniformity that 
distinguish ail “ScorcH” BRAND Tapes. As the 
most experienced tape-makers in the field, 3M 
research and manufacturing experts offer tape of 
highest uniformity—from reel to reel and within 
the reel. Check into the other “ScoTcH” BRAND 
constructions: High Resolution Tapes 457, 458 
and 459; High Output Tape 428; Sandwich Tapes 
488 and 489; and Standard Tapes 403 and 408. 

Your 3M Representative is close at hand in all 
major cities. For more information, consult him 
or write Magnetic Products Division, 3M Co., 
St. Paul 6, Minnesota. © 1961 3M Co 











“SCOTCH” and the Plaid Design are registered trademarks of the 3M Company, 
St. Paul 6, Minn. Export: 99 Park Avenue, New York, N.Y. Canada: London, Ontario 





Magnetic Products Division 3m 


ere w 6 Pet Ore 
SCOTCH BRAND MAGNETIC TAPE 
FOR INSTRUMENTATION 
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Pulse Codes Control Subway Run 


L. R. ALLISON 
Union Switch & Signal Div. 
Westinghouse Air Brake Co. 


Both end cars on the N.Y. City 
Transit Authority’s automatic shuttle 
service test subway train carry auto- 
matic control gear. Signals are fed to 
this equipment for controlling speed, 
station stopping, opening and closing 
doors, and changing direction by coded 
ac in the subway rails, inductively 
coupled to iron core receiving coils 
mounted just above the rails and ahead 
of the leading wheels. The cycle is 
programmed on a dispatcher which 
uses 35-mm punched film for storage, 
Figure 1. 

Code signals range in frequency 
from 0. to 270 cpm, Figure 2. The 
270-cpm rate calls for a running speed 
of just above 30 mph but no higher 
than 32 mph. Dropping the frequency 
to 180 cpm indicates a slowdown to 
just above 5 mph but no higher than 
6 mph. With no code signal, the 
train is stopped. Two 10-ft long wire 
loops are laid between the rails, under 
the car at each end of the train. A code 
rate of 75 cpm in these loops opens 
the car doors if the air brakes are fully 
applied. Changes of code in the 
proper sequence set the controls for 
reversing direction. An axle-driven 
frequency-generator type of speed 
governor holds speed within limits. 

Information from the coded track 
current under the receivers, the speed- 
sensing governor, and the air brake 
pressure checks are read into a rack 
mounted electrical and electronic unit 
in the trailing cab of each end car. 
Here the information is interpreted 
and control signals for the train’s mo- 
tive, braking, and door opening sys- 
tems are adjusted. Coded track sig- 
nals are energized and controlled from 
an instrument case on the platform at 
each station. These are a joint de- 
velopment of Union Switch & Signal 
Div., Westinghouse Air Brake Co. 
and General Railway Signal Co. The 
two companies individually developed 
an end car control set. The two sets 
are compatible in operation. The 
punched film programmer is supplied 
by US&S for these tests. 

The Air Brake Div. of WABCO 
designed the braking equipment for 
the automatic subway to be compati- 
ble with both contro] sets and in 
addition to operate on standard sub- 
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FIG. 1. Automatic train dispatcher like that used 
on the New York automatic shuttle line test 
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FIG. 2. Run profile of shuttle train. Pulse codes carried in 
rails and wire loops tell train controls what to do. 


way cars. The automatic shuttle is of standard subways: most of the 
required to stop within plus or minus __ retardation is achieved with the dy- 
5 ft of its target point. The two-stage namic brake in the higher speed 
stop—slowdown from 30 to 5 mph ranges. A minimum air brake appli- 
and final stop after some coasting— cation is in effect whenever brakes 
was selected to aid in meeting this are called for, and this is automati- 
specification. Also the test train is cally increased to compensate for fade 
equipped with COBRA composition __ or failure of the dynamic brake. The 
brake shoes because they are designed dynamic brake is controlled by the air 
to be more consistent in operation brake system so that blending of the 
with changes in speed, load, and two is smooth. In the automatic train 
area of contact than are cast iron the followup air brake is so propor- 
shoes. In fact, maximum deviation tioned that in the event of dynamic 
in stopping distance is just 2.5 ft. brake failure the required stopping 
An automatic braking control unit _ tolerance can still be met. 

is installed on the controlling car and 
a similar but noncontrolling unit is PUNCHED TAPE RUNS SUBWAY TRAIN. 
installed on the middle car. The auto- Desmond Stone, “Control Engineering”, 
matic train follows the general scheme March 1961, p. 167. , 


REFERENCE 
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If you are using, or considering, a small-scale digital computer... 


‘» NOW, AT NO INCREASE IN COST, 


YOU CAN HAVE THE NEWEST & MOST VERSATILE 
SMALL-SCALE COMPUTER ON THE MARKET 


RECOMP III 


**More Computations Per Dollar’’ 











Autonetics, producer of the world’s first and finest solid-state, general-purpose, compact 
digital computer, now introduces a small-scale computer that is priced amazingly low. 

It is Recomp II|—a general-purpose solid-state digital computer for engineering, 
scientific, and industrial use 

Recomp III assures you of “more computations per dollar! 

Recomp III offers you the largest word size and the largest memory of any small- 
scale computer. 

Recomp III is the only low-priced computer that offers an index register as stand- 
ard equipment. 

Recomp III is the only low-priced computer that offers you built-in compacted 
floating point hardware and the new Facitape high speed paper tape reader and punch 
as optional features 

Now you can get Recomp’s proven performance and quality for mo more than 
you pay for lesser computers... and it is now available. 

If your computer problems have grown and your computer hasn't; if you need 
a small-scale digital computer; now, for a lease price equal to what you are already 
paying or would expect to pay for an outdated computer, you can have the newest, 
most advanced, small-scale computer on the market —Recomp III. 

For a convenient do-it-yourself comparison of Recomp III with your present 
computer or a competitive computer see the following page. 


CONTROL ENGINEERING 





MAKE A POINT-BY-POINT COMPARISON 
OF YOUR PRESENT COMPUTER 





OR ANY SMALL-SCALE LOW-PRICED COMPUTER 
WITH THE NEW RECOMP III 


Monthly lease price 


Input Standard 


Input Optional 


Arithmetic Speeds — 
Fixed Point 


Add & subtract 
Multiply 
Divide 
Access Time — 
Main Memory — 
average 
High Speed Loops 
— average 


Arithmetic Speeds — 
Floating Point 


Add & subtract 
Multiply 
Divide 


COMPETITIVE 
COMPUTER 


$1,495.00 $ 


Mechanical Reader 
10 char/sec 
Typewriter Engineering 
Keyboard 
Typing Speed 
Full Alphanumeric input 


RECOMP III 


Capacitance Reader 


600 char/sec 
(stops within a char) 


Up to any type of four 
inputs 


54 milsec (12 digits ) 
10.8 milsec (12 digits) 
11.3 milsec (12 digits) 


9.0 milsec 


1.7 milsec 


81 milsec (12 digits) 
8.6 milsec (12 digits ) 
8.9 milsec (12 digits) 


Memory 


Programming 


Outputs — 
Standard 


Outputs — 
Optional 


Characteristics 


Power 
Requirements 


Heat 





COMPETITIVE 


RECOMP III COMPUTER 


Disk—Non-volatile 
Capacity 4096 words 
Word size 40 bits & sign 
12 decimal digits 


Command size— 
2 commands per word 
Instruction capacity 8192 
instructions 


Machine language (fixed point ) 
very simple and versatile 


Machine language (floating point 
very simple and versatile 


Typewriter (alphanumeric 
engineering keyboard ) 
10 char/sec (printing speed ) 
Paper Tape Punch 
10 char/sec (punching speed 


Facitape High Speed Punch 
150 char/sec 
Up to four outputs 
250 pounds (computer 
Solid State 
Desk size 


3.5 amps any wall outlet 
115 vac 


No cooling needed 


If your computer, or a competitive computer, doesn’t measure up to Recomp III, this coupon can save you time and money. 
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AUTONETICS INDUSTRIAL PRODUCTS 
Dept. 611 3400 E. 70th St. « Long Beach, California 
Autonetics Division of North American Aviation, Inc. 


Please send me full information on the newest low-cost compact digital computer 


Name 

Position = 
Company 
Address 

City 


Present Computer (if any) 


Application 


AUTONET ICs 


4) 


1 Industrial Products 


Recomp Ill 


AUTONETICS DIVISION OF NORTH AMERICAN AVIATION, INC. 


CIRCLE 137 ON READER SERVICE CARD 137 





' 


2 
2 
= 
2 
3 
a 











SEMICONDUCTOR NEWS: FROM WESTINGHOUSE AT YOUNGWOOD 


Westinghouse announces new 16-amp 
“Rock-Top” Trinistor controlled rectifier 


Pe 


ao 


2 


Proven “‘Rock-Top” quality is now available in JEDEC 2N681 Trin- 
istor Controlled Rectifier series! These latest additions to the West- 
inghouse power semiconductor family incorporate the field-proven de- 
sign features of the broadest line of medium and high-power switching 
devices. Such features as hard-soldered junctions and hermetically 
welded cases provide an extra assurance of reliability at no extra cost. 
Additionally, each device is 100% tested to maximum ratings. These 
new devices from Westinghouse, world leader in silicon technology, are 
backed by production experience with high-power semiconductors for 
military and industrial applications. 


Westinghouse 2N681 series Trinistors are ideal for such applications as: 
motor speed control = temperature control = inverters «= static 
switching. For more information, or technical assistance, call or write: 
Westinghouse Electric Corporation, Semiconductor Dept., Youngwood, 
Penna. You can be sure... if it's Westinghouse. SC-1049 





For prompt delivery, order from these Westinghouse distributors: 


EASTERN HALLMARK INSTRUMENTS CORP Dallas, Texas/R! 7-8933 
ACK ~~ meee INC. Birmingham 5, Ala./FA 2-0588 INTER-STATE RADIO & SUPPLY CO. Denver 4, Colo./TA 5-8257 
CAMERAD Pittsburgh, Pa./EX 1-4000 LENERT CO Houston, Texas/CA 4-2663 
CRAMER anevasmes. INC Boston, Mass./CO 7-4700 MIDLAND SPECIALTY CO. E! Paso, Texas/KE 3-9555 
ELECTRONIC WHOLESALERS, INC. Melbourne, Fiorida/PA 3-144] Phoenix, Ariz./AL 8-8254 
GENERAL RADIO SUPPLY CO.,INC. Camden, N. J./WO 4-8560 Albuquerque, N. M./CH 7-0236 
GENESEE RADIO PARTS CO. Buftalo, N. Y./TR 3-9661 RADIO DISTRIB. CO Indianapolis, Ind. /ME 7-557! 
KANM-ELLERT ELECTRONICS, INC Baltimore, Md./TU 9-4242 SEMICONDUCTOR SPEC., INC. Chicago, 1I1_/NA 2-8860 
MILGRAY ELECTRONICS New York, N. Y_/RE 2-4400 S. STERLING CO Detroit, Mich. /BR 3-2900 
RADIO & ELECTRONIC PARTS CORP. Cleveland, Ohio/UT 1-6060 UNITED RADIO, INC. Cincinnati, Ohio/MA | -6530 
SCHWEBER ELECTRONICS Long Island, N. Y./PI 6-6520 
Silver Spring, Md_/JU 5-7023 WESTERN 

ALMAC ELECTRONICS CORP. Seattle, Wash./PA 3.7310 
MIDWESTERN ELMAR ELECTRONICS Oakland, Cal./TE 4-3311 
E.C.1. SEMICONDUCTORS, INC Kansas City, Mo./WE 1.0829 HAMILTON ELECTRO SLS. Los Angeles, Cal. /BR 2-9154 
ELECTRONIC COMPONENTS FOR INDUSTRY CO Palo Alto, Cai_/DA 1-7541 
St. Louis, Mo./WO 2-9916 NEWARK ELECTRONICS CO Inglewood, Cai_/OR 4-8440 
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AUTOMATED ARTILLERY FIRE PLANNING 


TRADING HOURS FOR 


MINUTES WHEN IT 
COUNTS Targets to destroy... 


troop movements to cover...a bridge to save...a gun 
emplacement to wipe out...a precisely coordinated 
schedule of firepower and manpower and brainpower. 


The Divisional Fire Plan, prepared automatically by elec- 
tronic computers in 12 minutes, tells the captain where every 
artillery battery will hit— and when. He checks his Schedule 
of Fires against the tactical map, applying human judgement, 
experience and intelligence to the information supplied by the 
computers. If he wants to, he can alter or refine the schedule 
—even scrap it completely and have a new one in his hands 
in a few minutes. 


A simulation exercise today; a powerful system in the field 
tomorrow. 


At recent exercises, an Army-Industry team successfully dem- 
onstrated that automatic data processing systems can help to 


reduce the time it takes to prepare a Divisional Fire Plan from 
a matter of hours to a matter of minutes. When computers 
process ballistic solutions at electronic speeds, they aid in 
achieving first-round target hits. This means saving ammuni- 
tion—conventional or nuclear. It also means surprise — hitting 
the target while it is unprepared and vulnerable. The long- 
range program of developing Command Control Information 
Systems is now being extended to other Tactical Field Army 
functions, utilizing the FIELDATA family of equipment. 


Development and testing of artillery fire planning and control 
systems are being done by the U.S. Army Electronic Proving 
Ground, Fort Huachuca, Arizona, with the cooperation and 
support of the U.S. Army Artillery and Missile School, Fort 
Sill, Oklahoma. Technical assistance is being provided by 
Ramo-Wooldridge, a Division of Thompson Ramo 
Wooldridge Inc. 


Challenging openings now exist at Ramo-Wooldridge’s Fort 
Huachuca office for experienced computer programmers, sys- 
tems analysts and test and applications engineers. All quali- 
fied applicants will receive consideration for employment 
regardless of race, creed, color or national origin. 


Contact Mr. R. L. Eddy at 


RAMO-WOOLDRIDGE 


A DIVISION OF 


THOMPSON RAMO WOOLDRIDGE INC. 





8433 FALLBROOK AVENUE + CANOGA PARK, CALIFORNIA 


CONTROL ENGINEERING 





jue t.. Ps 


vate Be ome. 


NEW PRODUCTS © 


aaa ae eR ARE: SEC 3 AO PINE ELINA OER RECN AME CNP ARI Ne ME RR A REE NI 


FLIGHT GUIDANCE COMPUTER stores data 


on gas bearing memory drum. 


The L-70, a.new digital guidance 
computer, is only a little more than 
half the weight of its predecessor, the 
unit designed for the Centaur space 
vehicle. Besides its light weight—19 
lb, a reduction of 18 lb—the new space 
computer is smaller and is— highly 
reliable. Reliability is achieved in part 
by the use of a thin gas film as a 
bearing for the memory drum. 

New gas bearing—actually, a 150- 
microin. thick film of helium—elimin- 
ates mechanical wear in the drum 
assembly and allows greater accuracy 
in placement of the read/write heads. 
Accuracy, in turn, increases memory 
capacity to 112,000 bits, nearly double 
that of the Centaur computer memory. 
The 5.19-lb drum assembly has been 
under development for 16 months and 
has been successfully tested at vibra- 
tion and shock levels greater than those 
met in current space vehicles, 

The 84 x 10 x 8 in. computer uses 
welded circuitry, improved cooling, 
and reduced number of components 
to further increase reliability. Interior 
packaging has been designed to con- 
duct heat to a specially fabricated 
cover that acts as a radiator.—Libra- 
scope Div., General Precision, Inc., 
Glendale, Calif. 
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SYSTEMS 


CARD COMPUT ERS 


Four new solid state computing sys- 
tems have been introduced to the 
punched card field. The B260 (shown 
above) is a basic punched card com- 
puter. A B280 adds high speed mag- 
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Engineer adjusts laboratory version of miniature memory drum 
used in new space computer. Use of thin helium film as bearing 
reduced clearance between read/write heads and drum to 0.00015 
in. from 0.001 in. in manufacturer's computer for the Centaur space 
vehicle. 


netic tape to the basic system. The 

B250 uses traditional ledger cards in 

addition to punched card processing 

A computer for bank work, the B270 

reads and sorts MICR encoded docu- 

ments. Features include immediate 

access clutch rather than conventional 

mechanical toothed clutches in the ic 

card reader, internal buffering, three- ULTRASONIC CONTROL 

address command structure, and a full Wik 

B200 series program library. Price for This transistorized ultrasonic system 

the B260 is $183,653 with monthly allows wireless remote control of four 

lease at $3,750. First delivery will be independent functions. Set consists of 

in fall 1962. For further details see a miniature hand-held battery oper 

CtE’s Computer Equipment Comparti- ated 40-kcps transmitter and a com 

sons series.—Equipment & Systems pact receiver unit. A 22-volt mercury 

Div., Burroughs Corp., Detroit, Mich. battery can power the transmitter for 
Circle No. 310 on reply card control at distances up to 30 ft. Four 
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New SOLA "CVDR" d-c supply simplifies 
missile-age circuit design, reduces costs. 


It's a natural for computers, communications equipment, and 
Similarly sophisticated electronic gear. Made for today's 
stringent operating parameters. Ends costly dependence on 
over-engineered d-c power sources. 


CVDR prevides both line 
and load regulation without 
“CVDR” tubes er transistors. Line 
regulation +1%, for +15% 
line voltage changes; 1% 
load regulation from zero to 
full load; 1% peak to peak 
ripple. Fits 19" relay 
racks, and measures only 34° 
=] wage high. Custom configurations 
J 




















and power ratings available 
on special order. 




















Line voltage stabilization is by means of the Sola *CV" 
self-regulating transformer. Load voltage stabilization is 
accomplished by the series "IX" voltage drop in the satu- 
rable reactor (see schematic). This voltage drop is con- 
trolled by the load current itself. 


CVDR is ready right now, off-the-shelf, in units rated 6- 
volts, 10-amps . . . and 12,18 or 24 volts, 5-amps. For out- 
standing reliability in a-c and d-c power supplies tailored 
to every application, see your SOLA representative ... or 
write to address below. 





SOLA ELECTRIC CO., 1717 Busse Road, Elk Grove © 


Village, t1l., HEmpstead 9-2800 2 G | \ 
IN CANADA, Sola-Basic Products Ltd., 377 Evans Ave., © rr Bi iP} 


Toronto 18, Ontario 
Division of Basic Products Corporation ic) ES 
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For all your a-c and d-c power 
supply requirements or special 
engineering, contact your nearest 
SOLA representative: 


CALIFORNIA, San Francisco; Sola Electric Co., 
Three W. 37 Ave., San Mateo, Fireside 1-6538 
@Los Angeles; Sola Electric Co., 2907 West 
Vernon Avenue, AXminster 2-0166 
COLORADO, Denver; Slaybaugh & Thompson 
100 W. 13th Avenue; AComa 2-5826 
FLORIDA, Winter Park; James Millar Assoc., 
P. O. Box 1603; Midway 7-7407 

GEORGIA, Atlanta; James Millar Assoc., 
1036 Peachtree Street N.E., TRinity 6-0919 
INDIANA, indianapolis; R. O. Whitesell & 
Assoc., 6620 E. Washington Street; FLleet- 
wood 9-5374 

IOWA, Des Moines; McDowell-Redlingshafer 
Sales Co., 3615 Olive St.; JEfferson 3-3277 
KENTUCKY, Louisville: R. O. Whitesell & 
Assoc., 400 N. 38 Street; SPring 6-2024 
MASSACHUSETTS, Newton; Sola Electric Co., 
272 Centre Street; Bigelow 4-3354 
MICHIGAN, Detroit; R. C. Merchant & Co., 
Inc., 18411 W. McNichols Rd.; KEnwood 5-6000 
MINNESOTA, Minneapolis; Heimann Co., 
1711 Hawthorne Avenue; FEderai 2-5457 
MISSOURI, Kansas City; McDowell-Rediing- 


shafer Sales Co., 1103 E. Armour; WEstport 
1-5622 


*St. Louis; McDowell-Redlingshafer Sales 
Co., 3615 Olive Street; JEfferson 3-3277 
NEW JERSEY, Little Ferry; Sola Electric Co., 
84 Industrial Avenue; HUbbard 9-1060 


NEW YORK, Buffalo; R. W. Mitscher Co., 487 
Etlicot Square Building; TL 4-2517 

NORTH CAROLINA, Charlotte; Ranson, Wal- 
lace & Co., 116% E. 4th St.; EDison 4-4244 
OHIO, Cleveland; Sola Electric Co., 14235 
Detroit Avenue; LAkewood 1-8038 
PENNSYLVANIA, Philadelphia; Sola Electric 
Co., (Philadeiphia answering service — 
WAinut 2-5340); or 210 North 6 Street, 
Camden 2, N. J.; EMerson 5-7744 

® Pittsburgh; R. G. Sidnel! & Co., 675 Prince- 
ton Bivd.; CHurchill 2.1476 

TEXAS, Dallas; Robert E. Nesbitt Co., 1925 
Cedar Springs; Riverside 74145 
WASHINGTON, Seattle; Northwestern Agen- 
cies, Inc., 4130 First Ave. So.; MAine 3-8882 
WASHINGTON, D. C.; Sola Electric Co., con- 
tact 8719 Colesville Rd., Silver Spring. Md.; 
JUniper 5-0331 
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audio frequencies are used to modu- 
late the carrier to minimize false oper- 
ation from ambient noises. No dis- 
criminators are needed since the re- 
ceiver uses a unique tuned relay. 
Transmitter measures approximately 
3 x 38 x 14 and receiver 44 x 10 x 24 
in. A system for experimental use, 
U10001, is priced at $125.-RMS As- 
sociates, Inc., Mamaroneck, N. Y. 
Circle No. 311 on reply card 


DATA HANDLING 
& DISPLAY 


AUTOMATIC ’SCOPE 
Said to be the first fully automatic 10- 
Mcps oscilloscope with solid state 
circuitry, this new unit also features 
digital readout of vertical sensitivity 
and horizontal sweep. The automatic 
features cove! sweep speed, sensitivity, 
and positioning. Calibrated dec offset 
is also presented digitally. Plug-in 
etched circuit boards carry solid state 
circuitry. Automatic triggering and 
provision for external sync are featured, 
and the 5-in. CRT is available in all 
standard phosphors. Unit sells for ap 
proximately $1,500. California Instru- 
ments Corp., San Diego, Calif. 
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LOW COST RANDOM FILE 


Said to be the fastest random access 
unit available in the low cost computer 
field, this new Data Disc file has been 
made available for the maunfacturer’s 
301 system. The new file is available 
in four standard models ranging from 
22 to 88 million characters. ‘Two files 
can be connected for a total capacity 
of 176 million characters. Access time 
is 100 millisec average. From one to 
24 magnetic discs, each 39 in. in diam, 
are used in a vertical position in the 
data files. Data are recorded on both 


sides of the discs with each face di- 
vided into 768 recording tracks ar- 
ranged in from one to six zones for 
data segregation. Read-write heads for 
each disc corresponds to the zones. 
Monthly lease rates for the file and 
controls start at $3,000.—Electronic 
Data Processing Div., Radio Corp. of 
America, New York, N. Y 
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COMPACT RECORDER 


This 24-channel direct writing oscillo- 
graph can be mounted in only 7 in. 
of panel height or can be supplied in 
a case for bench use. Each of the 
channels recorded on the 8-in. wide 
paper is capable of recording static 
or dynamic phenomena at frequencies 
from de to 5,000 cps. Front panel 
contains all operating controls includ 
ing pushbutton selectors for 12 re 
cording speeds. Peak to peak deflec 
tion can be as great as § in. Writing 
speeds can be in excess of 50,000 ips. 
Price ranges from $3,000 to $3,500. 
Minneapolis-Honeywell Regulator Co., 
Heiland Div., Denver, Colo. 
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PRODUCTION MONITOR 


This bar chart recorder operates re 
motely from production areas to pro- 
vide cost and production control in- 
formation on a continuous bar chart 
for up to 40 data processing or pro- 
duction machines. The unit can pro- 
vide, in addition to a picture of each 
machine’s productive work, the oper 
ator number, job number, and shift 
number. The recorder samples each 
machine’s performance every 20 sec 
and records a machine that is operat- 
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NEW BLH MICROMINIATURE AMPLIFIER 
IS SMALLEST, MOST RELIABLE UNIT 
AVAILABLE AT ITS PERFORMANCE LEVEL 


Top Performance in Miniature...less than 
one cubic inch of: 


Power—gains of 10, 20 and 200, with other 
gain values available. 


Stability—better than +15 microvolts referred 
to the input and to a given temperature, 
including all effects of use and environment. 


Capability—operating temperature range from 
-100°F through 350°F with no sacrifice in 
output at either extreme. Vibration and shock 
resistance are transistor-—limited only. 


Linearity—terminal linearity better than 
+.05% of full scale. 


Diversity—many applications in ground support 
systems, integral transducer amplification, 
analog computers, low level commutations, 

plus many other electronic products and systems. 


See for yourself the unlimited possibilities 
this tiny new amplifier offers. For complete 
specifications on the Model 700 Amplifier 
write us or contact one of the 17 BLH 

sales engineering representatives throughout 
the U.S. and in Canada. 


BALDWIN «+ LIMA - HAMILTON 


Electronics & Instrumentation Division 
Waltham 54, Mass. 


SR-4® Strain Gages + Transducers « Temperature Sensors « Systems 
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ing as a short horizontal line. No lines 
appear for an idle machine. Charting 
times available are 9, 17, or 24 hours 
per inkless chart. Recorder is con- 
nected to machines by telephone-type 
wires.—Electronic Associates,  Inc., 
Long Branch, N. J. 
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FAST TAPE SERVICE 


New high speed punched tape trans- 
mission equipment is to be available 
before the end of the year. Type I 
Dataspeed equipment will handle 
1,050 wpm (105 characters per sec), 
10 times faster than exchange tele- 
typewriter tape transmission equip- 
ment now available. Type I is for 
five-level tape only. Type II will be 
for five through eight-level punched 
tape; service will be available early in 
1962. Error detection and automatic 
correction features will be introduced 
later. Type I leases for $100 a month 
for each receiving or transmitting unit 
plus cost of required Data-Phone 
equipment (one for each line at $50 a 
month).—Bell Telephone System 
Circle No. 316 on reply card 


RESEARCH, TEST 
& DEVELOPMENT 


MINIATURE RECORDER 


Only slightly larger than a panel meter 

it measures 3¥e x 5% x 14 in.—this 
new measurement recorder makes a 
permanent record on moving paper 
tape of any variable that can be con- 
verted to an equivalent electrical sig- 
nal. The new unit can be used as a 
portable monitoring and recording 
tool or may be used with a panel adap- 
ter as a built-in instrument system 
component. Inkless recording is fea- 
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HOT GAS 
HARDWARE 


practical, proved 
and in production 
at Weston! 


FREE 
12-page paper 
on hot gas. 
Write on 
Company 
letterhead 
for your copy. 





Watch Weston for leadership 
in hot gas technology... 
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Hot gas is here—whether a simple, electro-hot-gas servo valve, 
a multiple unit, or a complete hot-gas actuated control system. 
Systems include solid or liquid propellant gas generators, servo 
valves, actuators, amplifiers and feedback components. Various 
configurations of Weston’s basic design are now in the prototype 
stage, in qualification testing, or in actual production for current 
major missile programs. § Weston’s advanced system design con- 
cepts provide the advantages of a hydraulic system—fast forward 
response and positive reverse stiffness—yet operate far beyond 
the environmental limits of hydraulics. @ As a leader in hot gas 
technology, Weston offers this reliable, lightweight system—in 
proved hardware! Qualified Weston Engineers are available to 
assist you in designing for hot gas controls—call or write today! 


WESTON Fr 


HYDRAULICS LIMITED 
A SUBSIDIARY OF BORG-WARNER CORPORATION 


} sore warner | } sore warner | R 


P.O. Box 2185 South Annex, Van Nuys, Calif. » Telephone TRiangle 3-4340 
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H tured with smudgeless, pressure-sensi- 
twin fore} al t-\er' tive paper used at 15 in. per hour. 


Recorder is available as ac voltmeter, 
m i n Poh u re ac millivoltmeter, ac ammeter, dc mil- 
liammeter, or dc microammeter. Units 
start at $70.—-Amprobe Instruments 


BD) Ory -\ Os C h '@) @) |e) ood rs Corp,, Lynbrook, N. Y. 
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LINE VOLTAGE CHECKER 


This new power line monitor responds 
continuously to fluctuations in line 
voltage and indicates the changes on 
a meter with expanded scale from 100 
to 140 volts rms. The moving-vane 
type of meter is expected to be espe- 
cially useful in industrial laboratories. 
Accuracy of the WV-120A is to within 
+2 percent at 120 volts; frequency 
range covered is 25-400 cps. Unit 
measures 318 x 54 x 34 in. Suggested 
user price: $14.95.—Electron Tube 
Div., Distributor Products Dept., 
Radio Corp. of America, Harrison, N.J. 
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ONAY-SNSAILS 


INI OC 


DPDT 
LOW COST 
FULL ISOLATION 


PUSHBUTTON ATTENUATION 


This new high frequency signal gener- 
ator employs a unique pushbutton 
attenuator system to provide step-by- 
step reduction of its rf output ampli- 
tude from 1.0 volts into a 50-ohm 
load. Proper combination of buttons 
gives attenuation in the range of —120 
to +10 dbm. Lights and meter in- 
dicate output. The multipurpose 
Model G-101 has a wide frequency 


146 CIRCLE 146 ON READER SERVICE CARD CIRCLE 147 ON READER SERVICE CARD—>- 





An unusual combination of advantages found only 
in mercury-wetted relays has led many design engi- 
neers to specify them for tough switching jobs. Here 
are but 3 typical characteristics of our JM series: 


RELIABILITY. Sealed-in-glass mercury contacts are 
renewed with every operation. Won’t pit or weld. 
Make or break is positive . . . every time. No bounce, 
no chatter. Signals ranging from a few micro amps 
to 5 amps are switched with singular consistency. 


LONG LIFE. Think in terms of billions of operations 
when considering JM series relays. Proper applica- 
tion, of course, is a requisite. 


SPEED. Operate time is just less than 3 milliseconds 
using 2 watts of power. Release time is about 3.2 
milliseconds. Thus, relays can be driven 100 times 
per second. 

If your project calls for exceptional relay perform- 
ance, perhaps the answer lies im our JM Mercury- 
Wetted contact relay. 


DIVISION OF AMERICAN MACHINE & FOUNDRY COMPANY . 


iN CANADA: 


( 


WETTED 
CONTACT RELAYS 


IF YOUR RELAYS 
MUST 


SWITCH UP TO 
100 TIMES 


PER SECOND 


HAVE A LIFE 


IN EXCESS OF 


A BILLION 
CYCLES 


BE COMPLETELY 
RELIABLE 


AND FREE FROM 
CONTACT BOUNCE 


THEN SPECIFY \. 


Pc.B 


MERCURY 


JM SERIES ENGINEERING DATA 


Contact Rating: 
5 amperes maximum 
500 volt maximum 
250 volt-amp max. with required contact protection 


Contact Configuration: 
Each capsule SPDT. Combination of capsules in one 
enclosure can form DPDT, 3PDT, 4PDT. (All 
Form D.) 


Terminals: 
Plug-in or hook solder; 8, 11, 14, or 20-pin headers. 


Coil Resistance: 
2 to 58,000 ohms. 
More information? 
Write today for free catalogue. <4 


P&B STANDARD RELAYS ARE AVAILABLE AT YOUR LOCAL ELECTRONIC PARTS DISTRIBUTOR 


@) POTTER & BRUMFIELD 


POTTER & BRUMFIELD, DIVISION OF AMF CANADA LIMITED, GUELPH, 


PRINCETON, INDIANA 


ONTARIO 





SENSITIVITY /CONTROL /CONFIDENCE 


What passes between father and son, hand in hand, is a delicacy of 
perception, with simple durable strength. Simply told, these are the quali- 
ties of Electric Regulator’s control components . . . the exact qualities required 
for highest reliability, lowest cost in stepless control of AC or DC power — for 
motors, electric clutches and brakes and other electrically driven equipment. 





A plug-in component, 2” cube, which in response to 
| MECHOHM, mechanical changes of .001”, or as little as 5 grams 


force, produces stepless resistance changes at an 
amplified power level. .02” actuator displacement 
controls 4/4 KW. 











The electrical version of MECHOHM. Sensitive to 1 
R EG 0 H M. milliwatt. Signal changes of only 30 milliwatts con- 
trols 1% KW. Electric coils are available to match the 
voltage level of any control signal. 








transformer reliability, at transformer prices. For use 
with MECHOHM and REGOHM where control power 
from 14 to several KW is required. 


o 


A unique family of high grade power amplifiers with 
(MAGOHM. 





Please write, wire or call for additional information. | 


ELECTRIC REGULATOR CORPORATION. 
Dept. 104, Norwalk, Connecticut m Tel. Victor 7-2401 | 
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range of 50 keps to 50 Meps in six 
bands. Output is continuously ad- 
justable in amplitude from 0.1 micro- 
volt to 3 volts. Amplitude modulation 
is by an internal 400 or 1,000-cps sine- 
wave source, or external modulation 
may be used. Automatic level control 
keeps output to within +1 db. Price: 
$1,350.—Borg-Wamer Controls Div., 
Borg-Wamer Corp., Santa Ana, Calif. 
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TELEMETRY CALIBRATOR 
The Model 612 telemetry calibrator 
is designed to be used in setting 
up and calibrating subcarrier discrim- 
inators of an FM/FM telemetering 
station. The device uses 18 separate 
high stability oscillators to supply all 
IRIG subcarrier frequencies simul- 
taneously. These can be deviated by 
+7.5 percent for three-point calibra- 
tion and discriminator linearity adjust- 
ment. Frequency stability is to within 
0.1 percent. Output impedance is 400 
ohms. Price: $2,400.—Dytronics Co., 
Columbus, Ohio. 
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PRIMARY ELEMENTS 
& TRANSDUCERS 


INDICATES POSITION 


This new low cost ruggedized sensor- 
indicator gives remote indication of 
position of butterfly valves, dampers, 
and other process control units. The 
PF-11 sensor is available with a variety 
of enclosures or mounting arrange- 
ments for direct coupling, gear, chain, 
or belt connection to the driving shaft. 
Limit switches can be provided in 
addition to potentiometers to provide 
control functions as well as position 
indication. Standard models are for 
90 or 180 deg rotation. MR-61 indi- 
cating meter has integral meter circuit 
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DUAL GUN COMPACT — FULLY WARRANTED 


The world’s largest selling oscilloscope is now available 
from Packard Bell Electronics in new, improved models. 
Solartron Laboratories, an international leader in elec- 
tronic instruments, has sold 7,500 of the original model 
in the last 18 months. New models 5 Mc-2P/R, manufac- 
tured by Packard Bell, offer these outstanding features: 


Compact 5Mc-2P (portable) 22 Ibs. 102” high x 812” 
wide x 13” deep. 5 Mc-2R (rack mount) 5%” high x 19” 
wide x 13” deep. 2 Gun Two separate electron guns in 
one envelope. Bandwidth D.C. to 5 Mc at 100v to 100 


mv/cm. (20 Ke at 1 mv/cm.) Stability Schmitt Trigger 
with adjustable threshold both internal and external. 


Sweep | sec. to 1 microsec./cm. Control All variables 
including trigger have fixed settings with a continuous 
adjustment overlapping each range. Price Model 5Mc- 
2P or 5Mc-2R with two leads $570.00 f.0.b. Los Angeles. 
Completely warranted for one year including CRT. All 
prices are subject to change without notice. 


For complete information—or a demonstration 
mediate delivery — write: Oscilloscope Sales. 


or im- 


Packard Bell Electronics 


P.O. Box 337 Newbury Park, California 


1961 


Phone MA 9-5051 
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AND CONTROL 


It takes just three components to do the job. A Continuous 
Reading Meter-Relay (CRMR); a power supply; a load relay. 
Put them together and you have a complete control ‘‘system.” 
With it you can add continuous indication and automatic on-off 
control to any equipment package. That's right—any equip- 
ment package. The CRMR will monitor and control any variable 
transduceable to current or voltage values—even at low, un- 
amplified microamp or millivolt levels. ¢ For the work it does, 
a CRMR control requires remarkably little space. The meter- 
relay itself (there are several case styles) requires only a 
meter-sized panel space. The power supply and load relay are 
plug-in units; you can mount them on one of our racks or 
directly on the equipment chassis. « If you are presently work- 
ing on equipment that could use (or be improved by) con- 
tinuous indication combined with discrete set-point control, 
you’d do well to have a look at our Bulletin No. 5. It will 
give you applicational information, detailed specs, and prices. 


ASSEMBLY PRODUCTS INC. 


Chesterland 77, Ohio 


CIRCLE 150 ON READER SERVICE CARD 





NEW PRODUCTS 


board and comes with several en 
closures or mounting arrangements. 
List price of the sensor is $72 and for 
the meter, $42.—Jordan Controls, Inc., 
Milwaukee, Wis. 
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PIEZOELECTRIC ELEMENT 


High natural frequency, small size, 
and rugged construction are features 
of this miniature piezoelectric linear 
accelerometer. The piezoelectric ele 
ment of the Model AK105 is self-ener- 
gizing. The natural frequency is 
approximately 50 kcps; sensitivity is 
nominally 17 peak mv per peak g at 
room temperature. The unit weighs 
0.8 oz. Price: $165.—Statham Instru 
ments, Inc., Los Angeles, Calif. 
Circle No. 322 on reply card 


CDS PHOTOCELLS 


A broad line of cadmium sulfide pho- 
toconductive cells has been introduced 
by this manufacturer in four basic 
sizes: a Compactron type, a nine-pin 
type in a conventional tube envelope, 
and a medium and miniature size each 
with flying leads. Cells operate over 
a range of 1,400 Angstroms with wave- 
length of maximum response at 5,500 
Angstroms. The Compactron (Z-2946) 
and the conventional tube (7427) have 
power dissipation of about 400 mw, 
maximum current of 50 ma, and max- 
imum applied voltage of 350 volts. 
Medium size cell (Z-2963) has the 
respective values of 250 mw, 20 ma, 
and 250 volts. Ratings of the minia- 
ture cell (Z-2755-1) are 50 mw, 2 ma, 
and 3 volts.—General Electric Co., 
Receiving Tube Dept., Owensboro, 
Kentucky. 
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Paws . . 


(324) Miniature semiconductor strain 
gages with capacities of 5-500 psig and 
outputs up to more than 100 mv have 
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Married to your present supplier 
of capillary and restrictor tube? 
For better—or worse? Next time 
you need small diameter copper tubing for instrumenta- 
tion and control systems, think of Kensico. Join our 
large and growing family of steady customers who know 
that Kensico has earned its reputation as a Small Tube 
Specialist the hard way —by superior performance. Highest 
quality. Accurate flow testing. Exact specifications. Cour- 
teous, personalized service. Prompt, dependable delivery. 


MARRIED? 


New products from Kensico: 
capped-and-certified restrictor 
tubing—one-piece capillary tube 
and bulb assembly. Certified tubing is 100% tested to meet 
flow specifications. Available in sizes from a minimum of 
0.072” OD by 0.026” ID to a maximum of 0.172’ OD by 
0.115”’ ID. Capillary assemblies come in bulb sizes up to 
¥'" OD maximum, by any desired length, with capillary 
tubing down to a minimum of 0.010” ID. Call Kensico to- 
day. Or write KT-61 for Free Air Flow Engineering Charts. 


COMPANY DIVISION 


Robinson Technical Products, Inc. © MOUNT KISCO, NEW YORK 


Kensico Products are also available through Warehouse Distributors and Sales Representatives in Cambridge, Mass.; Middlebury, Conn.; Buffalo, 
N. Y.; Lindenhurst, N. Y.; Goshen, N. Y.; Roselle, N. J.; Philadelphia, Pa.; Flourtown, Pa.; Pittsburgh, Pa.; Cleveland, Ohio; Chicago, lil.; St. Louis, Mo.; 
Milwaukee, Wisc.; Durham, N. C.; Dallas, Texas. 
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NEW PRODUCTS 


been made available by Kulite-Bytrex 
Corp., Newton, Mass. . . . (325) Va- 
tiety of pressure ranges from 0-100 to 
0-8,000 psi are available in a new line 
of pressure transducers that are capa- 
ble of operating in a 50-g environment 
now introduced by Giannini Controls 
Corp., Duarte, Calif. . . . (326) North- 
ern Precision Laboratories, Inc., Frank 
lin Lakes, N. J., has made available a 
new line of analog to digital shaft en- 
coders using the Gray code in ranges 
from 2° to 2”. 

Circle Nos. 324, 325, or 326 
sd on reply card 


CONTROLLERS, 
SWITCHES & RELAYS 





PNEUMATIC TIME RELAY 


Only about 14 in. square—about the 
size of a standard limit switch—this 
new miniature pneumatic time delay 
relay weighs less than 1 oz. The te- 
liable device is built for 5 million 
actuations. ‘Time range is adjustable 
from 0.2 to 15 sec. The switch, which 
is easily replaced, is rated at 10 amp. 
The Model 90 timer will operate in 
temperatures of 32-120 deg F with a 
repeatability to within +10 percent. 
Hagen Manufacturing Co., Sub. of 

k.. W. Bliss Co., Baraboo, Wis. 
Circle No. 327 on reply card 


SOLID STATE LIMIT SWITCH 

lhe Statronic limit switch is a solid 
state device that can replace any 
roller-lever actuated switch now used. 
Unit features high reliability—test unit 
was operated for 40 million cycles. 
Switch is made up of solid state 


switch circuit and separately packaged 
NO solid state switching element. 
Silicon switching element is located at 
control points and switching circuit 
can be up to a mile away. Unit oper 
ates on standard 115 vac in a tempera- 
ture range of 0-200 deg I’.—Apparatus 
Div., ‘Texas Instruments, Inc., Hous- 
ton, Tex, 

Circle No. 328 on reply card 


NUCLEAR CONTROLLER 


This liquid level control device uses 
the Geiger-Mueller principle of radia 
tion detection. Thick steel sensing 
tubes are explosion-proof and measure 
liquid level without contacting the 
material being measured. Recording 
instruments can be located as far out 
as 500 ft from the controller. The 
device is stable between —60 and 
+150 deg F. Sensitivity is 0.5 milli- 
roentgens per hour max. Zero shift is 
less than 0.75 percent of scale in 24 
hours.—The Ohmart Corp., Cincin 
nati, Ohio. 

Circle No. 329 on reply card 


MAGNETIC SWITCH 


This low priced static switch, rated at 
40 watts, is a single output device suit 
able for applications where a solenoid 
must be switched on and off, or wher« 
continuous operation is required. It 
can replace sensitive or single output 
relays in applications such as count- 
ing, initiating valves, or sorting. The 
switch functions at a rate of 600 on- 
off cpm. Turnon time is only 1 cycle; 





Silicon Planar/Epitaxial 
Switching Transistors 


“STOP” 


CALL YOUR 
RCA SEMICONDUCTOR 
DISTRIBUTOR 


For a comprehensive line of superior- 
quality RCA Transistors and Silicon 
Rectifiers, and all RCA Semiconductors 
for special projects or pre-production 
requirements...call your RCA Semicon- 
ductor Distributor. Just check the 
extra advantages he offers you: 


«Fast delivery from local stock 
Prompt delivery of the latest RCA 
types for your evaluation 
Orders filled from factory-fresh 
stock 
y« Up-to-date, practical product infor- 
mation 
yw Valuable RCA technical assistance 
when you need it 
yw “One-stop” service on your orders 
w Specialists who understand your 
problems and your electronic needs. 
Remember, when you want fast delivery, 
reliable service, always check first with 
your local RCA Semiconductor Distrib- 
utor. For the name and address of your 
nearest RCA Semiconductor Distribu- 
tor, write RCA, Distributor Products 
Sales, Harrison, N. J. 
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Now only from RCA 


RCA 2N1708 











World’s First 


SIUICON exexrry Switching Transistor 
in the ‘Thiniature T0-46 Package. 


ft 


2N1708 Shown Actual Size 
requires only 
40% of 10-18 Headroom 


PLANAR CONSTRUCTION for excellent 
stability, high reliability. Collector cut- 
off current reduced by a factor of 20 to 
1 over mesa types. Uniform beta over 
a wide current range. Maximum storage 
temperature--300 °C. 

EPITAXIAL CONSTRUCTION for low 
saturation voltage and improved switch- 
ing times. 

MINIATURE CASE for extremely high 
density packaging. Uses same lead ar- 
rangement as TO-18 package but re- 
quires only 40% of the TO-18 headroom. 

BROAD SILICON LINE The new 
2N1708 planar-epitaxial transistor is 
another example of RCA’s advanced 


RCA SEMICONDUCTOR & MATERIALS DIVISION—Field Offices... 
den, N. J. area) Eriton, N, J., 605 Mariton Pike, HAzel 8-4802 « 


Baltimore, Md., ENterprise 9-1850 « 


silicon technology, application-oriented 
to today’s performance and miniature 
packaging requirements. The 2N1708 
complements the other RCA silicon 
planar switching transistor types: USA 
2N706, 2N706, 2N706-A, 2N708, 
2N696, and 2N697. 

Check the data on these outstanding 
RCA types. For information on RCA 
computer transistors and multiple 
switching diodes, call your RCA Field 
Representative. All these types are im- 
mediately available in quantity. For 
further technical information, write to 
RCA Semiconductor and Materials Di- 
vision, Commercial Engineering, Sec- 
tion K-56-NN,Somerville, N. J. 


EAST: Newark, N. J., 744 Broad St., HUmboidt 5.3900 + (Cam 
Syracuse, N. Y., 731 James St., Room 402, GRanite 4-5591 «+ 


NORTHEAST: Needham Heights 94, Mass., 64 “A” St., Hillcrest 4-7200 + SOUTHEAST: 
Orlando, Fla., 1520 Edgewater Drive, Suite #1, GArden 4-4768 « 


EAST CENTRAL: Detroit 2, Mich., 714 New Center Bidg., TRinity 


5-5600 + CENTRAL: Chicago, Ili., Suite 1154, Merchandise Mart Plaza, WHitehall 4-2900 * Minneapolis, Minn., 5805 Excelsior 


Bivd., WEst 9-0676 « WEST: Los Angeles 22, Calif., 6801 E. Washington Bivd., RAymond 3-8361 « 


(San Francisco area) Burlin- 


game, Calif., 1838 El Camino Real, OXford 7-1620 » SOUTHWEST: Dallas 7, Texas, 7905 Carpenter Freeway, FLeetwood 7-8167 + 


GOV'T: Dayton, Ohio, 224 N. Wilkinson St., BA 6-2366 * Washington, D.C., 1725 ““K"’ St., 


Available Through 


N.W., FEderal 7-8500 


CHARACTERISTICS 


Vee (sat. 


Vee (sat. 


The Most Trusted Name in Electronics 


RCA announces the 2N1708, first and fastest silicon 
planar- epitaxial computer transistor in the TO-46 package 


RCA 2N1708 


TEST CONDITIONS * LIMITS 


Veg = 15 volts; lp = 0 025 .a max 


Vce = 10 volts; 
Vee = 0.35 volts; 
Free-air Temp. = 


15 wa maz. 


— 


.22 volts max. 
| 


ima | 9 volts max. 


Ic = 10 ma; Ip 
lc = 10 ma; Ip 


i 
| Ic = 10 ma; Ip, 
Ip» = 10 ma; 


25 nano- 
| seconds max. 


10 ma 


lc = 10 ma; Ip, 
Iby = 1 ma; Vec 


3 ma; | 40 nano- 
= 3 volts seconds max. 


ee Me 


Ic = 10 ma; Ig, = 3 ma; 75 nano- 


Ip = 1 ma; Voc = 3 volts seconds max. 


Your RCA Distributor 


RADIO CORPORATION OF AMERICA 
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Anelex High Speed Line Printers turnoff time is 5 sec. Switch output 
is 0.4 amp at 100 vac. Compact unit 

ore Singles 10 operate S17 Maguetic, los Butler Bes 

than almost any other piece Circle Me, 380 on veply card 

of office equipment, yet no 

development in the art 

of high speed printing ‘ < POWER SUPPLIES 

has ever seriously 

challenged their speed 

and quality of document 

production or their 

reliable performance 


under massive 


workloads. 


NOISE-FREE SUPPLIES 


Precise voltage regulation for both linc 
and load is a feature of this new linc 
of noise-free power supplies. Each of 
the six OIS 60-cps and the six DOIS 
400-cps models is a_ tranistorized, 
miniature 115-volt ac/dc sinewave in 
verter. The supplies are ideal replace 
ments for vibrators operating from 12 
or 28 vde batteries. Output, obtained 
from a Class B amplifier, is 20, 40, o1 
60 watts. Prices range from $190 to 
$200.—Raytheon Co., Sorensen Prod 
ucts, S. Norwalk, Conn. 

Circle No. 331 on reply card 
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MODULAR LAB UNITS 


These modular transistorized regulated 
power supplies are suitable for labora- 
tory and prototype applications. The 
plug-in packages operate isolated from 
AWN A N ELEX CORPORATION the ac line and provide adjustable out- 


put. Short circuit protection and auto 
154 Causeway Street, Boston 14, Massachusetts | matic recovery after short removal are 


Further information available upon request 
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Bendix® 25-amp DAP (Diffused Alloy 
Power) transistors are designed for 
high-temperature, high-current, 
microsecond switching. They're 
‘Dynamically Tested’, an exclusive 
Bendix quality control process that 
tests each unit to assure uniform 
reliability. In addition to their high 
current switching capabilities (typi- 
cally 25 amperes in 4 usec) Bendix 
25-amp DAP® offers circuit stability 
over a = range of temperatures 
(from —60°C to +110°C). They're 
rated at hig h_ collector-to-emitter 
breakdown ‘vellagne, provide low 
input resistance, controlled current 
gain, and low saturation voltage. 
Write to Holmdel, N.J., for details. 





oe | ‘ce Vos Ic | Pos Tstg 


Ratings: Vde Vde Adc | Ww °C °C 








2N165] 60 60 __ 25 | 100 | —60to+110 | 110 
__2N1652__|__ 100 100 25 100_ | -60to +110 110 
2N1653 120 | 120 25 100 | —60to +110 110 

















. 
Po is the maximum average power dissipation. It can be exceeded during the 
switching time. 


Bendix Semiconductor Division ey 


Main Office: South St., Holmdel, N. J.—Ph: SH 7-5400 « New E i Oto: 114 Waltham, Lexington, Mass.—Ph: VO 2-7650 « Detroit Office: oh 8 Mile Rd., Detroit 37, Mich.—Ph: JO 6-1420 
© Midwest Office: 2N565 York Rd., Elmhurst, I!!.—Ph: BR 9- West Coast Office: 117 E. Providencia Ave., Burbank, Calif.—Ph: Vi 9-3961 Canadian Affiliate: Computing Devices of 
Canada, P.O. Box 508, Ottawa 4, Ont. « Export Office: Bendix international, 205 E. 42nd Street, New York 17, N.Y. Stocking Distributor: Contact nearest sales office for name of local distributor. 
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NEW BARTON 273 PNEUMATIC TRANSMITTER 
MEETS MORE APPLICATION REQUIREMENTS 
THAN ANY OTHER TRANSMITTER 


The Barton 273 offers the widest differential pressure ranges 
(0-8” w.c. to 0-400 psi), the highest safe working pressures (to 
10,000 psi), and the widest variety of housing materials (alu- 
minum, brass, steel, 316 stainless steel). It’s compact, weighing 
up to less than ¥2 the weight of other units. It has adjustable 
suppression up to 80% of DP range,and adjustable span. A 
non-bleed relay minimizes air consumption. It doesn’t shift 
zero on overrange. It’s unaffected by normal piping stress. In 
every respect, the Barton 273 is the most significant advance 
in pneumatic transmitters in the past decade. There’s a lot 
more you should know about it—for complete data write 


ARON 


INSTRUMENT CORPORATION, 580 MONTEREY PASS ROAD, MONTEREY PARK, CALIFORNIA. 
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| NEW PRODUCTS 


provided. Units can be operated con- 
tinuously at maximum rated voltage, 
current, and ambient temperature. 
Ambient temperature without heat 
sink can be up to 35 deg C. Units 
are available for 4.5-6.0 volts to 45-55 
volts and carry unit prices from $74 
to $79.—Power Sources, Inc., Burling- 
ton, Mass. 

Circle No. 332 on reply card 


REGULATED DC UNIT 


This silicon rectifier de power supply 
uses magnetic amplifier and transistor 
regulators to maintain close static 
regulation tolerance of 0.1 percent. 
The Model MRST 28-200, with an 
output of 24-32 vde at 200 amp, is 
useful in laboratories or industry where 
centralized source of de is required. 
Dynamic load regulation is to within 
+6 volts, and ripple is 1 percent rms. 
Other features of the unit include re- 
sponse time adjustable between 20 
and 200 millisec, remote sensing, and 
ability to withstand 400 percent over- 
load for up to | sec without damage.— 
Perkin Electronics Corp., El Segundo, 
Calif. 

Circle No. 333 on reply card 


ACTUATORS & 
FINAL CONTROL 
ELEMENTS 


EXPLOSION-PROOF MOTORS 

This new line of explosion-proof sub- 
fractional horsepower motors is avail- 
able in sizes from 1/150 to 1/20 hp. 
Induction or synchronous types for 
one, two. or three-phase operation are 
included in the new line. Two, four, 
and eight-pole models have synchro- 
nous speeds of 3,600, 1,800, and 900 
rpm. Torque or dynamic brake models 
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Take a close look at this new limit switch! 


THE NATIONAL 
ACME COMPANY 
mM 165 E. 13 1st STREET 
CLEVELAND 8, OHIO 


Sales Offices: Newark 2, N. J., Chicago 6, Ill., Detroit 27, Mich. 
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WhawWs the proper mix 
of Manned vs\Unmanned Satellites? 


pee 
Fey 


opportunities for 


systems analysts 


Hughes Aerospace Engineering Division 
has openings for Systems Analysts to 
consider and analyze a wide spectrum of 
basic problems such as: 


What are the requirements for manned 
space flight? 


Justify choice of systems considering 
trade-off of choice in terms of cost 
effectiveness. 


Automatic target recognition 
requirements for high speed strike 
reconnaissance systems or unmanned 
satellites. 


IR systems requirements for ballistic 
missile defense. 


Optimum signal processing techniques 
for inter-planetary telecommunications. 


Analysis of weapon systems from 
conception through development, test 
and customer use. 


Design concepts for new airborne 
weapon systems. 


The positions involved with the solution of 
these basic and critical questions present 
opportunities for the optimum application 
of the technical and analytical backgrounds 
of graduate physicists and engineers with 
both systems and specialized experience. 


If you are interested in helping to solve 
these questions and are a graduate physicist 
or engineer with a minimum of three years 
experience in weapon systems analysis, 
operations analysis, IR, physics of space, 
signal processing or communication 
theory, we invite your inquiry. For 
immediate consideration, please airmail 
your resume to: Mr. Robert A. Martin, 
Supervisor, Scientific Employment, 
Hughes Aerospace Engineering 

Division, Culver City 46, California. 


An equal opportunity employer. 


We promise you a reply within one week 


HUGHES AIRCRAFT COMPANY 


AEROSPACE DIVISIONS 





NEW PRODUCTS 


are also available. A 1/50 hp motor 
sells for $77.—Holtzer-Cabot Motor 
Div., National Pneumatic Co., Inc., 
Boston, Mass. 

Circle No. 334 on reply card 


SIMPLE ROTARY ACTUATOR 
This unique actuator is said to sim- 
plify the task of converting hydraulic 
power into uniform rotational motion. 
The Rota-Cyl can perform the same 
function as a conventional cylinder 
operated rack and pinion actuator in 
less than half the length. The device 
is completely sealed and explosion- 
proof. Operation with constant torque 
is possible over many revolutions, Be- 
cause of the use of self-centering pis 
tons rigidly coupled to a continuous 
chain, the actuator has no backlash 
and is sensitive to minute changes in 
actuating flow. Sizes are available 
suitable for applications ranging from 
tiny instruments to heavy industnal 
machinery.—Graham Engineering Co., 
Palo Alto, Calif. 

Circle No. 335 on reply card 


SIX-SPEED GEARMOTOR 


This manufacturer has combined its 
multispeed instrument transmission 
with a synchronous motor to produce 
a gearmotor with six positive repeat 
able speed ratios. Ratios can be 
changed while the motor is running. 
The device is built on a standard 
NEMA Size 25 frame. Standard speed 
ratios are 1, 2, 5, 10, 20, and 50 to 1. 
Standard operation calls for 115-volt, 
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Experienced technical men everywhere. . . 
engineers who bear the decision-making 
responsibility for the important selection 
TYPE TS ss 
of components vital to efficient product 
operation . . . know from many years of 
experience that Comar relays have consistently 
proved more dependable under 
constant duty in most critical applications. 
You too, can insure better product 


performance by making Comar your 


relay headquarters. Inquiries invited. 


Write for catalog 


Ollar _ 


ectric 


3349 ADDISON ST., CHICAGO 18, ILLINOIS 


RELAYS + SOLENOIDS + COILS + SWITCHES + HERMETIC SEALING 
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Said J. Stefan and L. Boltzmann: “The tota/ radiation from a black body is proportional 
to the fourth power of the absolute temperature of the black body.” 


Radiation is usually associated with high temperatures. Yet very cold bodies emit a radiation which can be highly significant 
in missile and space applications. The problem faced by infrared scientists, trying to detect variations in radiation from low 
temperature atmospheres, can be likened to detecting a one-foot cube of ice from a distance of five miles. 

Lockheed Missiles & Space Company scientists are deeply engaged in studying the problems of infrared emission from 
the earth and its atmosphere, as seen from orbital altitudes. Although the earth resembles a black body at 300° Kelvin, the 
emission from its atmosphere, under some circumstances, is much colder. To make measurements under these circum- 
stances, Lockheed has evolved radiometric equipment with one of the most sensitive detection systems yet conceived. 

Scientists and engineers must also take careful measurements of a potential employer. Lockheed Missiles & Space 
Company in Sunnyvale and Palo Alto, California, on the beautiful San Francisco Peninsula, invites this close scrutiny. As 
Systems Manager for the DISCOVERER and MIDAS satellites and the POLARIS FBM, Lockheed preeminence in Missiles and 
Space creates positions in many disciplines for outstanding engineers and scientists. 

Why not investigate future possibilities at Lockheed? Write Research and Development Staff, Dept. M-13A, 962 West 


El Camino Real, Sunnyvale, Calif. U.S. citizenship or existing Department of Defense industrial security clearance required. 
An Equal Opportunity Employer. 


LOCKAHEED missiles & SPACE COMPANY 


A GROUP DIVISION OF LOCKHEED A/RCRAFT CORPORATION 


Systems Manager for the Navy POLARIS FBM and the Air Force AGENA Satellite in the DISCOVERER and MIDAS 
programs. Other current programs include SAINT, ADVENT and such NASA projects as OGO, OAO, ECHO, and NIMBUS. 


SUNNYVALE, PALO ALTO, VAN NUYS, SANTA CRUZ, SANTA MARIA, CALIFORNIA ¢ CAPE CANAVERAL, FLORIDA ¢ HAWAII 


CONTROL ENGINEERING 





NEW PRODUCTS 


60-cps power.—Insco Co., Div. of 
Barry Wright Corp., Groton, Mass. 
Circle No. 336 on reply card 





DAMPED SERVOMOTOR 


This viscous damped servomotor is de- 
signed for use in instruments where 
high damping or low time constants 
are required. The R180-001 Size 11 
unit uses an MK 14 type of motor. 
Characteristics: 
Voltage: 115 volts 
Frequency: 400 cps 
Stall torque: 0.6 oz-in. 
Rotor moment of inertia: 1.9 gm-cm 
Theoretical acceleration at _ stall: 
23,400 rad/sec’ 

No load speed: 1,700 rpm 
—Kearfott Div., General Precision, 
Inc., Little Falls, N. J. 

Circle No. 337 on reply card 


modestly ~y 
speaking... \ 


COMPONENT 


3 


... We've really hit the jackpot with the new DIEHL 

Vacuum Tube Servo Amplifier. For response, linearity and 
wer output, this new servo amplifier just can’t be beat. 
ere are five reasons why: 


e Continuous power output of 75 watts—drives DIEHL 
servomotors up to 25 watts 60 cycle, 15 watts 400 cycle. 
@ Minimum phase shift at carrier frequency. 


e Plug-in input modules accept a wide range of AC and 
ANALOG MULTIPLIER DC voltages. 


+r . - a e@ Proven vacuum tubes and printed circuitry assure max- 
hese electronic analog multipliers arc oe P y 


hg ee ae imum reliability. 
available as individual circuits boards, © Separate amplifier and power supply chassis plug 
or in 3, 6, or 20-unit chassis. Units together. 
feature static accuracy to within +15 Whatever the application, you'll find this newly perfected 
percent, a simplified circuit, and _re- } Verumn, The a bean by DIEHL a nage new 
me signal : : >is +1 standard of dependability and convenience. hy not get 
ap oe pepe sl"the facta today? For nadtona intormation apo 
a nena ce applications assistance, contact: Diehl Manufacturing Com- 
multiplication, division, squaring, OF pany, Somerville, New Jersey. 
extracting square roots. ‘The solid state 


units are temperature compensated, 
and bandwidth is limited mainly by 
amplifier used for output. Unit price of 
individual multiplier is $470.—Applied 
Dynamics, Inc., Ann Arbor, Mich. 
Circle No. 338 on reply card 


4176 


SPECIFICATIONS 


TINY POT tA Trademark of THE DIEHL MANUFACTURING COMPANY 


DIEHL MANUFACTURING COMPANY 


A SUBSIDIARY OF THE SINGER MANUFACTURING COMPANY 
Somerville, New Jersey 


Smallest in this manufacturer’s line of 
Raysistor devices, the CK114 is a silent 
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HOWELL INSTRUMENTS, INC. 
MILLI-V-METER-— 7he /nstrument with the Tape-Slidewire-for... 


WARNING 
RECORDING 
CONTROLLING 
INDICATING 


Direct and/or Remote 
DIGITAL READOUT 
ACCURATE TO 


1% 


for all functions 
of industrial 
processing p/ants... 
1/20th cubic foot of 
dynamic measurement. 


a re oe ee 
Dobe te pe we 


HOWELL temperature indicator to monitor 48 sensing locations through selector switch circuitry. 


For TEMPERATURE, FREQUENCY, FLOW, LEVEL, 
PRESSURE, R.P.M., WEIGHT, etc. 


The most comprehensive service is derived through coupling the Milli-V-Meter with 
warning lights, horns, controlling relays, recorders, computers, remote digital displays 
.--applications limited only by the imagination or ingenuity of the engineer! The virtue 
of high accuracy measurement is thus the means of maintaining and improving the 
quality of products, the elimination of waste or loss, and the saving of time. 


Produced by 
QUALITIES hog the makers of JetcaL® 
Accuracy 1 part in 1000. Laboratory precision for jet engine Analyzer 
industry or the military. -+.in worldwide military 
Compatibility with any transducer—AC or DC. and airline use! 
For strain gage, linear differential transformer, ther- Ne cien OR 
mocouple, thermistor, resistance thermometer, pulse oe: —— ces: 
: ee ATLANTA, GA.; CHI , ILL; COMPTON, CAL. 
“ variable frequency circuits or systems. CLEVELAND, DAYTON, OHIO; DENVER, COLO.,” 
perates directly from 60- or 400-cycle power as HOUSTON, TEX.; SEATTLE, WASH.; 
specified. VALLEY STREAM, L. 1.,N. Y.; WICHITA, KAN.; 
TORONTO, ONT. (George Kelk Lid.); 
MITCHAM, SURREY, ENGLAND 


Full information is available for the asking! (Bryans Aeroquipment Ltd.) 
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potentiometer sealed in a transisto1 
case. The device can be used as a 
switch, relay, or potentiometer in cit 
cuits where small size and low power 
are important. The pedestal-free ana 
log switch uses a tiny incandescent 
bulb as the control element and mini 
ature photosensitive resistor as the 
signal element. When illuminated by 
light at 25 mw, the photocell changes 
its resistance from 300 megohms to 
460 ohms. Unit measures 0.260 in. 
high by 0.370 in, in diam, similar in 
size to a TO-5 transistor case. Unit 
price is $8.75.—Raytheon Co., Indus 
trial Components Div., Newton, Mass 

Circle No. 339 on reply card 


MICROELECTRONICS 
These multielement components us« 
microminiature packaging and thin 
film techniques {ot forming diod« 
packs, diode-transistor packs, NOR ele 
ments, and multivibrators. Straight 
multielement components include a 
wide selection of transistor and diode 
types. Thin film circuits use tantalum 
resistors and oxidized tantalum capaci 
tors. A flip-flop circuit using two twin 
transistor packs would sell for unde: 
$25 in production lots.—Philco Corp.., 
Lansdale Div., Lansdale, Pa. 

Circle No. 340 on reply card 





ACCELEROMETER AMP 
The Model 8003M__ three-channel 


power amplifier is especially designed 
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to amplify the output of piezoelectric 
accelerometers. System is_ self-con- 
tained and includes a cathode follower, 
voltage amplifier, and power amplifier 
that provides low impedance signal 
of 10 volts peak to peak at 300 ma to 
be fed to an oscillograph. Output 
meter allows direct monitoring of each 
channel. Extremely high input im- 
pedance (1,000 megohms) is coupled 
with very low output impedance of 2 
ohms. Gain is continuously variable 
from 0.03 to 1,000 with accuracy and 
linearity to within +6 percent from 3 
cps to 15 keps. Single unit price: 
$1,650.—Columbia Research Labora- 
tories, Woodlyn, Pa. 

Circle No. 341 on reply card 
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(342) Subminiature Micro Lamp made 
by Miniature Lamp Engineering Co., 
New York, N.Y., measures as little as 
0.1338 in. by 0.0394 in. in diam, but 
puts out 40-60 millilumens on as little 
as 5 ma at 1.2-1.5 volts. (343) 
Allegheny Instrument Co., Div. of 
Textron Electronics, Inc., Cumber 
land, Md., has made available a Mark 
1A Omniflex flexure designed for 
coupling loads to instrumentation in 
static test firings of missiles. 
Circle Nos. 342 or 343 
on reply card 
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BOOSTS SENSITIVITY 


This new low noise amplifier can in- 
crease oscilloscope sensitivity 1,000 
times. The Model 103 gives the best 
possible signal to noise ratios to ’scopes 
and recorders. The unit’s noise level 
is less than 0.8 microvolt rms from 10 
cps to 10 keps. Noise level can be 
altered by a selector switch from nor- 
mal, in which input impedance is 10 
megohms, to a low noise position, in 
which input impedance is 100 kil- 
ohms. Bandwidth can be selected be- 
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sterbrook® 


é 
NEW MARKTROL 


clears up all the mess and most of the cost 
of round chart record 


In 10 minutes or less, convert present 
marking devices with Mark-Trol, a 
completely sealed capillary system 
with replaceable ink cartridge. 
Esterbrook’s new Mark-Trol is a com- 
pletely new concept in marking sys- 
tems. Universal design, in the form of a 
conversion kit, enables you to replace 
90% of round chart recorder marking 
systems now in use. Mark-Troi will re- 
turn its cost to you in a matter of days. 
Specifically ... 
e Operates without maintenance up to 
9 months. 
e Eliminates 
clogged pens. 
e Reduces servicing virtually to zero. 


contamination—no 


er marker maintenance 


Mark-Trol’s sealed system keeps out 
all contaminants which clog open 
buckets. Trust its efficiency, too, under 
any service condition, anywhere, and 
through a temperature range of 0°F to 
145°F. You get a clean, readable record 
on every chart. The disposable car- 
tridge contains up toa 9 months’ supply 
of ink . . . and is replaced in seconds. 
The cartridge, too, is sealed until 
pierced by its holder. No ink is ever 
handled, no syringes or droppers are 
used. There are no plastic bags or glass 
to break. No need to put up with messy 
flooding, starving or fibre pick-up. 
Finally, standardizing on Mark-Trol 
not only simplifies inspection schedules 
but reduces inventory requirements. 


MARK-TROL THE ESTERBROOK PEN COMPANY 


TECHNICAL 


Authorized 


Mark-Trol is 
field tested, but we wel- 


thoroughly 


come your trying a make- 
: : . No 
sure installation with an _ 


order for a test unit. Company 


Address 





Please send us 


PRODUCTS AND INSTRUMENTS DIVISION 


*Trademark 


Distributor 


Technical Recording Chart Division 
Graphic Controls Corporation 
189 Van Rensselaer St., Buffalo 10, New York 


Mark-Trol Conversion Kits at 


Title 


Please also send literature completely describing Mork-Trol. [ 
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AT, ORS 7 | NEW PRODUCTS 
— : be set at either 100 or 1,000. Price: 


$245.— Keithley Instruments,  Inc., 
Cleveland, Ohio. 
Circle No. 344 on reply card 


LASER RODS 


These ruby laser rods require no sil- 
vering and are more reliable and dura- 
ble than silvered types. Beamwidth 
and output characteristics are equiva- 
lent to those of silvered rods. Also, 
the uncoated rods can be handled 
more easily since there is no silvering 
or diclectric layer that might be dam 
aged. Rooftop geometry is polished 
into the rod with a 90-deg included 
angle forming a two-dimensional cot 
ner reflector. The rod’s output end is 
flat and parallel to the plane of the 
corner reflector. Rods are available in 
sizes from 0.040 x 0.040 x 2 in. to 0.3 x 
0.3 x 3 in.—Trion Instruments, Inc., 


Not in this : S Ann Arbor, Mich. 


Circle No. 345 on reply card 


NEW EMBREE “NUVAMP’... Sittiiummnonas 


These seamless Mylar belts are made 


‘itl ‘cise dimensions to cust ; 
Nuvistorized DC Amplifier specifications. The belts are especial 


- useful where power transmission in the 
Here’s something truly NEW in analog computer fractional and subractional horsepower 
components. .. an outstanding improvement over range is required without flutter or 
conventional vacuum tube designs. It’s the slip. Belts are made in lengths up to 


“NUVAMP” . . . Stabilized DC amplifier designed 48 in. and widths up to 1 in. Thick- 

with highly reliable, thimble-sized Nuvistors. ness can range from 0.5 to 10 mils. 

lolerances are 0.015, 0.005, and 

COMPARE THESE PERFORMANCE CHARACTERISTICS 0.0001 in. for length, width, and 

TYPICAL EMBREE thickness, respectively. Yield point is 

Ae Lae Gee TRANSISTOR catt-2500 as high as 18,000 psi, and tensile 

AMPLIFIER NUVAMP strength is over 20,000 psi.—Kinelogic 
Corp., Pasadena, Calif. 

Circle No. 346 on reply card 





OUTPUT VOLTAGE RANGE, F.S. +10 Vde +100 Vdc 
OUTPUT POWER 0.25 Watt 1.50 Watts 
BANDWIDTH, LARGE SIGNAL 1KC 250KC 
PHASE SHIFT at 100KC (Freq’cy. limited) Less than 10° TORE es i 
PHASE SHIFT at 350KC (Freq’cy. limited) 45° CONVERTS ’SCOPES 
OFFSET at SUMMING JUNCTION .0003% of F.S. .0001% of F.S. Bae ay A 
NOISE and RIPPLE, INPUT GROUNDED .003% of F.S .0009% of F.S. his continuous recorder conversion 
DRIFT at OUTPUT 300 uv/24 hrs. <100 uv/24 hrs. unit allows simultaneous viewing and 
GAIN, OPEN LOOP, DC 30,000 50,000,000 direct recording of oscilloscope traces. 
, GAIN DROP-OFF, OPEN LOOP >12 db/octave 6 db/octave The self-contained Mark II uses a 
PRICE (DEPENDS on MODEL) $200 $100 direct printing method to record 
‘scope traces on photosensitive mate- 
The ‘‘NUVAMP" comes as shown or on compact P.C. boards rial. Tape paper transport speed is ad- 
for O.E.M. use in instrument and computing applications. Write justable to give desired resolution. 
or wire for data sheets and price lists on N-1500 series. Correct time base and amplitude grid 


coordinates are generated by an optical 
; 1 system. Resolution can be to as high 
embree electronics corporation as 0.25 microsec with recording speed 


as high as 200 cm per sec.—Parr Prod- 
ee ucts Corp., Santa Monica, Calif. 
WEST HARTFORD 7, CONN. Circle No. 347 on reply card 
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COMING 
NEXT MONTH 


Signal From Noise 

for Medical Diagnosis 
Control specialist in the Air 
Force and MD discuss how to 
use data reduction on com- 
puter techniques to diagnose 
brain wave patterns for brain 
damage. 


Amplifier Improves 
Speed Regulator 

Operation of paper mill re- 
quires close speed control of 
many rollers. Article tells how 
attention to amplifier design 
got results. 


Low Pressure Pneumatics 
for High Performance 
Control 

Authors design, analyze, and 
test pneumatic servo steering 
for automobile. 


Equation Links 

System Stability 

One basic, simple equation 
rationalizes six techniques for 
stabilizing control loops. 


Analytical Instruments 
in Pilot Plants 
Appropriate use of stream 
analyzer gets more, faster, 
better data from pilot plant. 


Digital Parabolic 
interpolator 

Unrefined part description in- 
put yields continuous-path 
commands for tool. 


Analyzing 

Random Signals 

How to get useful control- 
design information from 
noise-contaminated signals. 


— — 
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1. SYSTEMS 


Advertisements 


60—Desk size data processor, p. 60 

63—Easv installation, maintenance 
system, p. 62 

84+—lterative analog computer, p. 84 

125—Capital investment software for digital 
computer, p. 124 

137—Low cost desk size computer, p. 136 

201—Air traffic control central data processor, 
2nd cover 


control 


New Products 

309—Compact guidance computer, p. 141 
310—Punched card computer line, p. 141 
311—Four-function ultrasonic control, p. 141 


2. DATA HANDLING AND 
DISPLAY EQUIPMENT 


Advertisements 


15—Universal recorder model, p. 15 
27—Satellite paper tape recorder, 
53—Dc-5,000 cps oscillograph, p. 5 
66—Production monitoring system, p 
71—Compact rack mounting recorder, 
73—DVM _ using reed relays rather 
stepping switches, p. 73 
78—Accurate data plotter, p. 78 
154—High speed line printers, p. 154 
162—Digital readout monitor, p. 162 
169—Pneumatic receiver-recorder, p. 169 
177—Mobile data acquisition system, p. 177 
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5—Electrostatic paper tape recorder 
flected light reader, p. 185 
13-channel programmer, p. 190 
2—Bidirectional reader, p. 192 
3—Wideband magnetic recorders, 4th cover 
Rear projection readouts, p. 177 
Profile monitor, commutator, p. 192 
2—Versatile potentiometric 
recorder, p. 193 


strip 


New Products 


312—Automatic 10-Neps ‘scope, p. 143 
313—Random access file for low 
puters, p. 143 
4—24-channel oscillograph, p. 143 
5—Production recorder, p. 143 
»—High speed punched tape transmission 
service, p. | 


cost com 


Catalogs and Bulletins 


410—Line of recorders, p. 180 


3. RESEARCH, TEST, AND 
DEVELOPMENT EQUIPMENT 


Advertisements 


2—Standard time code gencrators, p 
5—100-Meps countei-timer, p. 5 
12—Frequency translator and counter, p 
17—Linear rf voltmeter, p. 17 
18—Universal spectrum analyzer, p 
36—Automatic circuit tester, p. 36 


69—Electronic reversing counters, p. 69 


New Products 


317—Miniature recorder, p. 144 

318—Line voltage monitor, p. 146 
319—High frequency signal generator, p. 146 
320—-FM/FM telemetry calibrator, p. 148 


Catalogs and Bulletins 


402—Spectrum analysis handbook, p. 179 
+12—Cameras, electro-optical devices, p. 181 


4. PRIMARY ELEMENTS 
AND TRANSDUCERS 


Advertisements 


6—Miniature bonded 
sensors, p 6 

16—Revised synchro design sheet, p. 16 

30—Angle measuring instrument, p. 30 


34—Gas or Hg temperature transmitter, p. 34 
cs 


Strain gage 


pressure 


co 


52—Si strain gage pressure sensors, p. 52 
57—Floated integrating gyro, p. 57 
80—Flow and density meters, p. 80 
105—Accurate LVDT’s, p. 105 
114—Counters for radar reading, p. 114 
156—Wide DP range transmitter, p. 156 
170—Low cost pressure and liquid level trans 
mitter, p. 170 
193—Shaft angle encoder, p. 193 
199—Sensitive vibration pickup, p. 


5 


199 


New Products 


321—Controller position indicator, 
322—Piezoelectric accelerometer, p 
323—Four sizes of CdS photocells, p 
324—Semiconductor strain gages, p 
325—Line of pressure transducers, p. 


326—Shaft angle encoders, p. 152 


Catalogs and Bulletins 


400—Gyroscopic instruments manual, p. 179 
416—Bypass rotameter data, p. 181 





5. RELAYS, SWITCHES, 
AND CONTROLLERS 


Advertisements 


Adjustable time relay, p. 11 
~Reed relays designed for crystal can re 
placement, p. 25 

—Recycling time control, p. 29 

Liquid level controls, p. 32 
Ultrasonic level control, p 
Space-saving elecronic 
indicators, p. 42 
Enclosed reed relays, p. 50 
Relays for printed circuits, p. 54 
Miniature electronic control line 
58 
ontroller, p. 109 
122 


delay 


39 


controllers and 


Pp 56 
Electrical process controls, p 
Versatile temperature 
-Electronic process controllers, p. 
Enclosed miniature switches, p. 126 
Process monitoring, control set, p 
Hg wetted contact relays, p. 147 
Meter relay control, p. 150 

Sealed limit 157 

159 
assemblies, p. 174 


18] 


130 


switch, p 
Dependable relay line, p 
Rotary switch 
Low priced power relay, p 
187 


Field adjustable pressure switch, p 
189 


I 
relays, p 


line, p 


Ultrasensitive 
Reliable _ relay 
Epoxy molded .relays, p 


UU 
174 
195 


Mercury relay manual, p 


New Products 
327—Pneumatic time delay relay, p. 152 
328—Solid state limit switch, p. 152 
329—Nuclear principle level control, 
330—40-watt magnetic switch, p. 152 


6. POWER SUPPLIES 


Advertisements 
1—Dc supply with closely adjustable out 
puts, p. 1 
49—0 to 1,500-vde power supplies, p. 49 
142—Line, load regulated units, p. 142 
179—Mobile pneumatic system, p. 179 


New Products 
154 
154 


3 Regulated, noise-free supplies, p 
3 Modular units for laboratories, p 
3 


Central de source, p. 156 


7. ACTUATORS AND FINAL 
CONTROL ELEMENTS 


Advertisements 


-Miniature servoactuators, p. 14 
Control valve for low flows, p. 51 
rhrottling valve for cryogenics, p. 64 
Eddy current coupling drives, p. 70 
Electtohydraulic servovalves, p. 102 
145—Proved hot gas hardware, p. 145 
182—Servomotor data booklet, p. 182 
188—High performance servomotor, p. 188 


New Products 

Explosion-proof motors, p. 156 
Hydraulically operated rotater, p 
5—Six-speed gearmotor, p. 159 
—Viscous damped servomotor, p. 161 


wi 


159 
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404—Manual, pneumatic ball valves, p. 180 
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317 328 339 350 361 372 383 394 
318 329 340 351 362 373 384 395 
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Variable displacement 


servo-controlled pumps, p. 180 


8. COMPONENT PARTS 


Advertisements 


13—Reliable blade-type connectors, p 
26—Telephone-type components, p 
31—Series regulator tube, p. 31 
37—14-turn, high resolution pot, p. 37 
4+1—100-watt solid state dc amp, p. 41 
68—Precision molded resistors, pots, p. 67 
74—High capacity memory stack; p. 74 
76—Airborne magnetic drums, p. 76 
82—Epitaxial Si mesa transistor, p 
139. 


144- 


13 
26 


82 
-16-aiftp Si controlled rectifier, p. 138 
Microminiature dc amplifier, p. 144 
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146—Twin contact deac chopper 
153—TO-46 packaged planar-epitax 
ing transistor, p. 153 

155—25-amp power transistors, | 
161—Vacuum tube servoamplifier, | 
164—Nuvistor de amplifier, p. 164 
183—Plug-in operational amplifiers 
184—Recirculating ball screws, p 
202—Si planar chip circuits, 3rd 
218—Sensitive pressure regulator 
219—Digital circuit cards, p. 19 
220—Sensitive bistable amplifiers, | 
223—Shift register elements, p. 194 


184 


New Products 


338—Electronic analog multipliers 
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ORDER 
ARTICLE REPRINTS 
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Circle reprint numbers on 
card for single copies. Write 
Reprint Dept. for multiple 
copies. 


See page 191 for descrip- 
tion of reprints. 


Don’t send cash, we will bill 
you later. 


513—Measuring With Solid State 
Transducers, 50 cents 


512——Ready Reference Data Files—IV, 
50 cents (see also 500, below) 


511—Industrial Process Chromato- 
graphs, 50 cents 

510—The Use of Digital Computers (an 
old reprint with valuable con- 
tent), $3.00 

509—Applying Incremental Servos for 
Control, 65 cents 

508—Iransistor Switches for Industrial 
Service, 65 cents 

507—Tips on the Use of Electromechan- 
ical Relays, 65 cents 

506—Adaptive Control Systems, 50 
cents 

505—Optimizing Relay Servos, 50 cents 

504—System Characteristics of Guid- 

ance Techniques, 65 cents 

503—Stream Analyzer Dynamics, 40 
cents 

502—Survey of Dynamic Display Tech- 
niques, 50 cents 

501—-Six Transducers for Precision 
Position Measurement, 30 cents 

500—Ready Reference Data Files—t, 
i, Ml, $1.35 

499—Ready Reference Data Files— 
lil, 60 cents 

498—Ready Reference Data Files—ll, 
50 cents 

497—Ready Reference Data Files—l, 
50 cents 

496—How to Specify Instrument Ac- 
curacy, 40 cents 

494—How to Use the Root Locus in 
Control Design, 45 cents 

489—Fundamentals of Multivibrators, 
45 cents 

488—A Roundup of Control System 
Test Equipment, 60 cents 

487—Survey of Ac Adjustable Speed 
Drives, 50 cents 

486—A New Way to Select the Best 
Control Valve, 50 cents 

485—Fundamentals of Tie-Motor Con- 
trol, 30 cents 

483—Economics in Control, 50 cents 

480—Applying Control Timers, 50 cents 

478—Servo Modulators, 65 cents 

477—Basic Data on Process Control 
Systems, 50 cents 

476—Three Ways to Simulate Dead 
Time, 15 cents 
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401—Miniature, instrument bearings, p. 179 
406—Precision stock gears, p. 180 
408—Condensed components catalog, p. 180 
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28—Quality potentiometer wire, p. 28 
44—Ni-Span C bourdon tubing, p. 44 
48—Premium quality magnetic tape, p. 48 
134—Magnetic instrumentation tape, p. 134 
151—Small diameter copper tubing, p. 151 
163—Sealed round chart pen, p. 163 
175—Root extracting desk calculator, p. 175 
178—Custom designed chart papers, p. 178 
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344—’Scope sensitivity booster, p. 163 
345—Unsilvered ruby laser rods, p. 164 
346—Mylar drive belts, p. 164 
347—'Scope recording device, p. 164 
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403—High permeability alloys, p. 179 
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Commercial transport airplanes flying 
three times the speed of sound are 
feasible, says a report prepared by the 
FAA, DOD, and NASA.. The project 
could be completed by 1970, There is 
a world market for 200 such planes, 
the report added. 

- 
Punched tape will control the grinding 
of steel mill rolls in a new numerically 
controlled grinder built by Farrel- 
Birmingham Company, Inc. The 60- 
in. heavy duty grinder, controlled by 
a GE numerical system, will allow 
mill management to fix standards for 
regrind procedures. In addition, nu- 
merical control will increase roll life 
by keeping removal of stock to a 
minimum. 

a 
Digital control system for a natural gas 
pipeline will be installed by Control 
Data Corp. The installation, to regu- 
late flow in the pipeline of Texas 
Eastern Transmission Co., is the first 
of Control Data’s new 8000 Series 
solid state systems. The Texas Eastern 
installation will join a master station 
and three satellite stations with a 
microwave net, Ultimately the system 
will have 128 satellite stations. 
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ROCKWELL-REPUBLIC 


MP-12 Analogger combines 
continuous integrator 

with 3-15 psig square root 
extracting receiver 


Rockwell-Republic’s MP-12 
Analogger is a one-to-four pen, 
12” circular chart pneumatic 
receiver recorder. It offers a 3— 
15 psig square root extracting 
receiver and a continuous inte- 
grator, making it ideal for flow 
measurement. 

The receiver converts a 3-15 
psig differential pressure signal 
to a linear flow record. The 
integrator, based on Rockwell- 
Republic’s time-proven watt- 
hour meter principle, catches 
swings and integrates all of the 
flow to provide an up-to-the- 
moment total. 


INTERCHANGEABLE 
PLUG-IN RECEIVERS 


The MP-12 Analogger’s quadrant 
design permits a wide variety of 
recording and integrating combi- 
nations to meet your exact needs. 
For example, up to four completely 
unitized plug-in receivers may be 
quickly and easily installed for 
recording process variables. Or, 
Rockwell-Republic continuous inte- 
grators may be employed in either 
or both of the upper quadrants. 


LIGHTWEIGHT AND COMPACT 


Every aspect of the MP-12 Ana- 
logger’s design from its aluminum 
case to its compact (requires only 


a 


Please send latest 
literature on the following: 


0 MP-12 Analogger 

0 VRC Ratio Computer 
0 Control Vaives 0 Drive Units 
0 Electronic Control Systems 


Name 


O Process Transmitters 
0 Control Stations 


© Desuperheating & Pressure Reducing Systems 


153%” x 17%” of panel area) con- 
struction makes for efficient panel 
utilization. All connections are at 
the rear of the case. 


ACCURATE CALIBRATION 


The MP-12 Analogger’s basic re- 
ceivers are factory calibrated to 
within +0.5% of chart range span. 
All adjustment points require only 
a screwdriver to make receiver out- 
put settings. 

For more information about the 
MP-12 Analogger and other 
Rockwell-Republic instruments and 
controls, just mail the coupon. rF-27 


ROCKWELL® 





0 Controllers 
0 Recorders 
0 V-5 Gauges 
0 Flow Meters 
0 Pneumatic Control Systems 


Title 





Company. 





Address 





City 


Zone State 





Republic Flow Meters Co. (Subsidiary of Rockwell Manufacturing Company) 
2240 Diversey Parkway, Chicago 47, Illinois 
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TYPICAL PERFORMANCE CURVE OF MODEL “P” TRANSMITTER 
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TRANSMITTED AIR SIGNAL (PSI) 


LOW COST 


PRESSURE ano 
LIQUID LEVEL 


TRANSMITTER 


WITH 


QUALITY 
FEATURES 


FOR 


DEPENDABLE 
OPERATION 








The Conoflow Model “P” Transmitter is 
a low cost, rugged instrument which 
measures pressure and liquid level and 
transmits a linear 3-15 psi signal to 
standard receiver elements. Incorporates 
many features not found in more ex- 
pensive devices for guaranteed depend- 
able operation. 


Safety—Process liquids and gases cannot back 
up into air lines and damage costly instruments. 
This is assured by the complete separation of 
measuring diaphragm from pneumatic pilot. 


Simple Installation—The Model “P” can be mount- 
ed either horizontally or vertically on open or 
closed vessels. No dip tubes, floats or other 
mechanical devices are required inside the tank. 


Long Life—Only the corrosion-resistant Inconel X 
diaphragm is exposed to the measured ma- 
terial. Preformed diaphragm will not work- 
harden or fatigue; withstands pressures to 500 
psi and temperatures to 450°. 


Versatile—Can be used for practically any 
service; ideal for viscous fluids or materials 
with solids in suspension; also for flowing bulk 
materials such as pigments, flakes, etc. 


Choice of Ranges—-Available for measuring 
ranges as low as 0 to 100” of water and pres- 
sures as high as 250 psi. Ranges can be changed 
in the field. 


Specifications—New Bulletin P-36-1 contains complete specifications on the Conoflow 
Model “P" Transmitter. Write for your copy today or ask for a quote. No obligation. 
Conoflow Corporation, 2100 Arch Street, Philadelphia 3, Pa. 


cc-1003 
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WHAT'S NEW 


(Continued from page 38) 
systems. The company expects sales 
in this period to run between $750,- 
000 and $1.5 million. That means the 
company is still rather far from its 
president’s ultimate goal of becoming 
a small IBM. But extensive additions 
to the product line are due during the 
same period. Before 1962 is over, 
Jonker will have 15 different models 
and accessories available. 

One of the first new products his 
company will make is a tape-to-drilled- 
card converter which will convert mag- 
netic tape computer output to Jonker’s 
plastic cards, 

e Open-ended film—The new prod- 
uct that Jonker is counting on most, 
however, is a miniaturized film ver- 
sion of his drilled card system. With 
it, his information retrieval system 
becomes open-ended, can easily handle 
as many as a million documents in- 
stead of just 10,000. 

The film that Jonker is using is 
cheap enough to be thrown away 
when the system is updated periodi- 
cally. Here’s how it will work. Each 
strip of film will represent one key 
characteristic, just as a drilled card 
does today. But each strip will carry 
several 10,000-hole matrices, which 
have been reduced in size so that each 
dimension of the matrix is no more 
than 4 in. long. 

To search the files, an operator will 
put the films (up to seven) represent 
ing the required characteristics into a 
viewer, and the machine will auto- 
matically print out the numbers of 
the applicable documents or informa- 
tion. This machine, of course, will 
cost more than the $1,200 charged for 
a simple one-man Jonker system. 

¢ Building up—Jonker sees three 
other big markets for his equipment 
besides information retrieval. One is 
in data publishing. If the motor law 
program is a success, he would like to 
make arrangements with other pub- 
lishers to supply similar systems. 
Jonker would make the machines and 
supply the cards. The publisher would 
edit the information for the cards 
and distribute them. 

Microfilm systems that need a 
search system are another big potential 
market. And closely related to that is 
a search system for drawing and blue- 
prints when large complex systems are 
being built. 

Fred Jonker’s first 18 months in the 
business machine field have been de- 
voted primarily to polishing up hard- 
ware designs to mechanize his inexpen- 
sive approach. Now he’s set for the 
climb to a junior IBM. 
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McDonnell Replaces Fighter 
Sales With Computer Services 


ST. LOUIS— 

The computers McDonnell Aircraft 
Corp. was using to solve aerodynamic 
design problems and to handle its pa- 
perwork load as a leading fighter air- 
craft builder were still around a few 
years ago after most of the big plane 
contracts were gone. Scrambling for a 
way out of the general aircraft indus- 
try slump, McDonnell executives spied 
the computers and thought they saw 
a potent source of future revenue. 
When IBM delivered the first 7080 
machine to McDonnell last month, 
the company was firmly established as 
a data processing service center as well 
as an aerospace supplier. 

With its computing skills as a lever, 
McDonnell has diversified its business 
somewhat differently than other air- 
craft companies. Most of them have 
tried to capitalize on plane-making 
facilities or skills such as metal fabri- 
cation or electronics system design. 

The St. Louis company’s gamble on 
data processing seems to be paying off. 
In business 18 months, the McDon- 
nell Automation Center numbers cus- 
tomers in 36 industries and supports 
a 400-man staff. “I don’t think there 
is any limit,” says center marketing 
manager, Charles Salisbury. ““We can 
always keep our customers coming 
back because there is always some- 
thing we can do for them. And there’s 
hardly an industry we can’t serve.” 

¢ Equipment buildup—Besides set- 
ting up a separate marketing group for 
the center, McDonnell set out to 
make sure it would have up-to-date 
equipment, sufficient to solve any cus- 
tomer’s problems. Besides the two- 
channel 7080, the center has an IBM 
7090 and 1401/1412 MICR reader- 
sorter and a long list of older ma 
chines. The 7080 has cut processing 
time by at least 75 percent for most 
jobs and brings the center’s computer 
valuation to over $10 million. 

McDonnell uses the new equip- 
ment on computing jobs far removed 
from its original scientific and manu- 
facturing experience. For instance, 
one Missouri bank has a long term 
contract to have all its demand de- 
posit accounting and MICR checks 
handled through the 7080 and 1401/ 
1412. McDonnell also schedules all 
classes and students for three St. Louis 
high schools on the 7090, and Shell 
Oil Co. is using the same computer to 
simulate a new refinery. 

Other equipment — still working 
around the clock—includes a long list 
of IBM equipment: a 705 II, 305 
RAMAC, six 1401’s, two 1620’s and a 
357 data collection unit. Also in use 
are a Burroughs Datatron and E 101 
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LENE 
RAMBLINGS ON Wa - 
INSTRUMENTATION ~ 


| One-upmanship 


in flow measurement 


| Never ones to ignore a trend, we have 


taken cognizance of Industry’s increas- 
ing reliance on psychologists, motiva- 


| tion researchers and sociologists. These 
| head-shrinkers are telling the Boss how 
' to solve all kinds of problems he never 
| knew he had. Not to be one-upped by 
| our competitors, Hays has retained Dr. 


Ernest Krankenkopf, the noted author 
of “‘Socio-Economic Implications of the 


| Electric Toothbrush” and ‘‘Behavior- 
| ism of Power-Mower Users in Scran- 


” 


ton’’. Doctor Krankenkopf’s first 
assignment was to put our Hays Elec- 
tromagnetic Flowmeter on the couch, 
so to speak, and give us a complete 
report, sparing no feelings. You really 
should get the following in the doctor’s 
schmaltzy Austrian accent but here’s 
his report: 

“First, we got to understand that 
the people who buy flowmeters are 
basically insecure. Why? Because they 
don’t know how much of that banana 
oil or vodka or what have you is flow- 
ing through there. This insecurity leads 
to frustration, causing the subject to 
buy some kind of device to assure him 
everything is okay. (I’m trying to keep 
this simple so even your dumbkopf ad- 
vertising manager understands, okay?) 

“Now we got to understand our 
median subject falls in the upper-mid- 
dle class on the socio-economic scale, 
has 2.7 kids and regards his stereo set 
as a mother-image. 

“‘Now if he picks the wrong flow- 
meter this subject is in for real trouble. 
Some of these flowmeters are so com- 
plicated they make our subject feel 
inferior. We have observed this same 
phenomenon when a man buys a French 
poodle. He knows, deep within, that 
damn finicky dog is higher up on the 
socio-economic scale than he is! Same 
with flowmeters, no difference. So he 
reacts by kicking coke machines and 
manifesting other anti-authority traits. 

“With the Hays Electromagnetic 
Flowmeter we find no such’ behavioral 
problems. Here. we got an instrument 


HAYS ELECTROMAGNETIC FLOWMETER 


. hot a poodle but a St. Bernard 


that’s nice and simple—but with its 
rugged, obstruction-free construction, 
and %% system accuracy you get de- 
pendability like a St. Bernard vet. 

“And we find favorable. status as- 
sociations. With no complex calibration 
needed, you just pipe it up, flip the 
switch and take a reading. This puts 
the Hays Electromagnetic Flowmeter 
definitely in the country-club set, but 
not too snooty like polo, you dig me? 
Also its 10-1 range adjustment in three- 
step or continuous form and the fact 
it has a pre-amp which can be mounted 
at the recorder, or the transmitter or 
in between seems to project a Big 
Brother image. 

“Among subjects using the Hays 
Electromagnetic Flowmeter we find a 
high coordination of good social adjust- 
ment, intra-family stability and strong 
career orientation. (To be honest, our 
survey also digs up some real weird-o’s 
who buy your product but this you 
got to expect.) 

“My next project is to depth-inter- 
view some engineers about your BTU 
meter. Already I got suspicions we find 
subliminal connotations of Jayne Mans- 
field or maybe Tuesday Weld. 

“Bill enclosed. Gesundheit!” 

Ernest A. Krankenkopf, 
PhD, DD, MD, DDS, ODO 

The meaning of the above is clear: buy 
a flowmeter you can live with. For in- 
teresting reading while waiting for the 
analyst, send for our Spec Sheet B 346. 


TAS 


President 


THE HAYS CORPORATION e MICHIGAN CITY, INDIANA 
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3 Ib. to 90 tons an hour. That’s the span of Merchen Feeder 
capacity. 1% of set rate and 1000:1. That's its accuracy and 
range. Coal, pigments, wheat, carbon, sawdust. These are 
some of the 175 common, dry, free-flowing materials a 
Merchen feeds with ease. 


These figures tell the story of a Merchen’s versatility. Whether 
you blend continuously or by batch, the Wallace & Tiernan 
Merchen Feeder simplifies your entire process. Use it as a 
straight gravimetric feeder, as a master proportioning other 
ingredients in the process, or as a slave with instant response 
to external pneumatic signals. 


The Merchen responds to a change of just one ounce in a 
63-pound belt load. That's because the Merchen weighs only 
actual material—never feeder components. This means con- 
stant delivery with minute-to-minute accuracy of 1%. Cor- 
rosion-resistant construction means long, trouble-free life. 
And the Merchen’s compact size—less than 3 ft. x 5 ft. for 
the largest model—lets it fit almost anywhere. 


Information from Dept. M-60.28. 


WALLACE & TIERNAN INC. 
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WHAT‘S NEW 


and a Royal-McBee LGP 30. Some 
of the medium sized machines are 
used as buffers for the faster compu- 
ters, and several 1401’s do input/out- 
put work for the 7080. Among the 
equipment used with the 7090 for sci- 
entific work are CEAC and PACE 
analog computers and a differential 
analyzer. 

¢Computer service supermarket— 
McDonnell recognized that some of 
its customers, broken in on EDP via 
the service center, might buy com- 
puters of their own. To keep these 
patrons in the active files, the center 
offers a broad line of services. 

“When a customer is small’’, Salis- 
bury points out, “we can sell him time 
on computers. We can offer ourselves 
as consultants and programmers. 
Eventually, though, he will want his 
own data processing machines. And 
we're right there, helping him select 
his hardware and plan his system. 
Even when he gets his own machines, 
we can still sell computer time to 
take care of his peak loads. Someday, 
he'll want newer, bigger machines, 
and the Automation Center can help 
plan the new system, help select the 
new hardware, and so on.” 

So far, straight computer time has 
brought in half the center’s revenue. 
But the sales trend is sharply up in 
terms of percent of sales for the serv- 
ices of systems designing, program- 
ming, and consulting. In fact, the 
center has two men who do nothing 
but evaluate new EDP hardware from 
all manufacturers. 

Scheduling of work hasn’t become 
a problem yet, and the center keeps 
all its customers—including the parent 
firm—happy. “We operate the center 
on three shifts,” says its boss, Robert 
L. Harmon, “and McDonnell Aircraft 
has one entire shift for itself.” Addi- 
tion of the new, large scale computers 
helped make this possible. 

—Bruce Cross 
McGraw-Hill News 


IBM Sets Up Advanced 
Computer Uses Group 


A new department will integrate ad- 
vanced programming and computer 
utilization activities for International 
Business Machines Corp. The Ad- 
vanced Computer Utilization Dept., 
formed in Poughkeepsie, N. Y., is in- 
tended to speed up progress in pro- 
gramming, find ways to lower the cost 
to a customer of changing to a new 
IBM computer, and explore new sci- 
entific applications for computers. 
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Manager of the new unit in the 
Data Systems Div. is Nathaniel Roch- 
ester, who was director of experimen- 
tal machines research. A Mathematics 
and Applications Dept. and an ad- 
vanced programming group will report 
to Rochester. 


Benson-Lehner To Spin Off 
Documentation, Inc. 


Benson-Lehner Corp. has been 
forced to spin off its subsidiary in the 
data processing research field, Docu- 
mentation, Inc. of Washington, D, C. 
The organization was acquired by the 
Los Angeles manufacturer just two 
and a half years ago. B-L cited the 
fact that government agencies now 
prohibit research companies affiliated 
with manufacturers from bidding on 
contracts in the field of the manufac- 
turer's equipment. 

B-L stockholders are to receive one 
share of the newly independent Docu- 
mentation for each share of B-L held. 
The subsidiary’s sales have grown from 
about $400,000 when acquired to an 
estimated $1 million for the current 
fiscal year. 


Hewlett-Packard Forms 
Solid State Research Firm 


A new company, HP Associates, 
Palo Alto, Calif., will undertake solid 
state research and development for 
Hewlett-Packard Co. of that city. The 
affiliated firm will be headed by Jack 
L. Melchor, who was president and 
treasurer of Melabs, another Palo Alto 
electronics company. 

Hewlett-Packard has a controlling 
interest in HP Associates and will 
transfer its own current solid state 
R&D program to the new company. 
Four initial areas of interest will be 
semiconductivity, electroluminescence, 
photoconductivity and thermoelectric- 
ity. The new outfit will also engage in 
contract work for other companies or 
government agencies. 


RCA Forms Data Systems 
Out of Former West Coast Unit 


A new Data Systems Div. is the re- 
sult of a reorganization of the West 
Coast Missile and Surface Radar Div. 
of Radio Corp. of America. The Van 
Nuys unit will continue as part of 
RCA’s six-division Defense Electronic 
Products group. 

Representing the increasing impor- 
tance of data systems work to RCA, 
direction of all DEP data handling 
programs will be centered in the new 
division. Harry R. Wege has been 
named vice-president and general man- 
ager of Data Systems. 
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¢W wart SERIES 100 PUMP 
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Wallace & Tiernan’s newest plunger pump delivers 
3.2 gph vs 1200 psi to 50 gph vs 100 psi, repeatable 
within + 1%. Easy adjustment over 10:1 range with 
the pump running. 
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A second liquid end doubles capacity or gives simul- 
taneous feeding of two liquids. Stroke length for each 
end individually adjusted. 


For more information write Dept. L-8.28 


DEPENDABLE, TROUBLE-FREE METERING 


Unitized construction means the Series 100 Pump stays 
in perfect alignment. Wear and maintenance are held 
to a minimum. Corrosion-resistant wetted parts handle 
most chemicals. The Series 100 Pump, with motor, is 
compact. With two liquid ends it occupies less than 
2 sq. ft. 


WALLACE & TIERNAN INC. 
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STANDARD -:SPECIAL 


manual and motor-driven 


ROTARY SWITCHES 











ESCO type JM 
7.5 ampere 
up to 75 poles 
Panel mounting 


ESCO type A 
5 ampere 
up to 20 poles 
Panel mounting 


ESCO type P 

200 ampere 
up to 8 poles 
Base mounting 


ELEcTRo SwitcH Corp. designs, manufactures, and tests stand- 
ard and special rotary switches for the most complex electric and elec- 
tronic circuits. The standard switch types range from 2 to 16 positions 
and from 0.5 to 200 amperes. 

Special rotary switches are assembled from standard parts and, if 
necessary, to meet MIL specifications. 

Please write for latest catalog of manually operated rotary switches 
or for the catalog of ammeter, voltmeter, and other instrument switches. 





174 


Special 
external drum 


Special 
motor-driven 
rotary switch 


Special 
external drum 
styles 


SLIP-RING Division of Electro Switch Corp. designs, manufac- 
tures, and tests slip-ring, brush-holder, and rotary-switch assemblies to 
satisfy any performance requirements, applicable MIL specifications, and 
most severe environmental conditions. Slip-ring types of assemblies pro- 
vide reliable means for carrying electric signals between stationary and 
rotating elements of a system. Pancake and internal or external drum 
styles can be constructed. 

Rotary switches provide high-speed multi-circuit switching with a-c 
or d-c motor drives. High-precision commutator segments range from 
subminiature dry-circuit sizes to heavy-duty power-handling sizes. 

Please write for Bulletin 60-01 describing slip-ring and motor-driven 
rotary switches. 


ESCO o: WEYMOUTH 


ELECTRO switTCcH.CORP 
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1 LOW ill 
thermally generated 
voltages Molded in epoxy resin, 


Adlake MWB type relays are designed for use 
on printed circuit boards. High component den- 
sity makes them ideal for computor and peri 
pheral equipment applications. Other advan- 
tages include: low thermally generated voltages ; 
low contact resistance throughout life—which 
is estimated at billions of operations; absence 
of pitting or dirt; positive closure; operating 
speeds of up to 100 operations per second; and 
ability to handle loads up to 250 va., 500 volts 
— 5 ampere maximums. Relays are available 
in single and double contact versions. Terminal 
pin arrangement is to the 0.2” grid, however, 
configurations can be made to fit requirements. 
Mail coupon today for further information. 

VISIT OUR BOOTH #933 AT THE |.S.A. SHOW 


MAIL COUPON TODAY 


ivi 


THE ADAMS & WESTLAKE COMPANY, Dept. L- 3411 
Relay Division, Elkhart, Indiana 





NAME 
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ADDRESS 





CITY, STATE 
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News of Other Companies 
in the Control Field 


Bell & Howell has set up a sub- 
sidiary near London to make data proc- 
essing equipment for sale in the 
United Kingdom. Consolidated Elec- 
trodynamics Corp. (U.K.) Ltd. will 
market the entire line of data process- 
ing gear made by B & H’s CEC sub- 


sidiary in Pasadena, Calif. 


Thompson Ramo Wooldridge, Inc. 
will now sell its numerical control sys 
tems for machine tools in Europe 
through its associate firm, Compagnie 
Europeenee d’Automatisme Electro 
nique (CAE). The systems will con- 
tinue to be made at the company’s 
Dage Div. plant in Michigan City, 
Ind. CAE was formed by TRW 
with two French companies to sell its 
line of process control computers. 


Tamar Electronics Corp., Gardena, 
Calif. has acquired two divisions of 
Daystrom, Inc., which is undergoing 
the throes of being absored by Schlum 
berger Ltd. (CtE, Oct. 61, p. 152) 
Tamar will take over Daystrom-Wi 
ancko Engineering Co. and Daystrom 
Pacific: Wiancko makes transducers 
and assemblies and the Pacific division 
produces rate and free gyros. 


Bares Engineering Co., Stamford, 
Conn., has made an entry into the 
analytical instrument business with its 
acquisition of Connecticut Instrument 
Corp. of Wilton. Barnes makes infra 
red devices; CIC makes IR spectrom 
eter accessories. Plans are being made 
to expand in the field. 


American Optical Co. has set up a 
Medical Electronics Group at its In 
strument Div. plant in Buffalo, N. Y. 


\. O. Smith has sold its Aeronauti- 
cal-Western Div. to a newly organized 
firm, Prosser Industries, Inc., Ana 
heim, Calif. President of the new 
company, Arnold H. Prosser, was gen- 
eral manager of the division for the 
past four years. 


Martin Co., Baltimore, Md., based 
missile-electronics firm, has received 
stockholder approval for its merger 
with American Marietta Co., a manu- 
facturer of chemicals, cement, con- 
struction materials, and household 
products. Sales of the combined Mar- 
tin-Marietta Corp. will be $1.2 billion, 
with two-thirds for defense and space. 
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Friden makes 
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automatically 
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The Friden Model SRW is the only 
calculator in the world that extracts 
square root at the touch of a key 


Because it does, a tedious, time-con- 
suming job becomes as easy (and as 
quick) as entering the radicand, fixing 


the decimal point, reading the answer. 


Because the time it saves generally belongs to high-priced people, 
the SRW will pay for itself even if used only a few times a day for 
square root. (The Model SRW is also a complete desk calculator 
in its own right, with all of Friden’s time-saving features. ) 


Call your local Friden Representative for a no-obligation, ten-minute 


demonstration. Or write: 


Friden, Inc., 


San Leandro, California 


THIS IS PRACTIMATION: automation so hand-in-hand with 


practicality there can be no other word for it. 


© 196: Frwen, mc 


@ triden 


SALES SERVICE AND INSTR. 


THROUGHOUT THE VU & Yo Ww R 
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Advertisement 


CALIBRATE WHAT? 


In this day of the rapidly ad- 
vancing technology the question of 
what must be calibrated is of vital 
importance to the economics of any 
instrumentation program. 





The WHAT to calibrate consists 
of measurement instruments, assem- 
blies, and systems. In making the 
final decision concerning which of 
these classes of calibration is the most 
feasible, it is necessary to completely 
evaluate each and every circumstance 
surrounding the instrumentation pro- 
gram, or system, in which the meas- 
urement is to be made. A portion of 
this evaluation consists of obtaining 
answers to questions pertaining to 
many facets of the measurement sys- 
tem being considered. Some of these 
questions might be the following: 


What is the accuracy level of the 
calibration proposed,—Primary,——Sec- 
ondary,—or Working Level? 


What are the measurements, 
other than the primary measurement 
parameter being calibrated, which 
must be made in order to assure that 
the instrument being calibrated is 
accurate within a specified value at 
the confidence level required? 


How complicated is the calibra- 
tion procedure required? 





Is it desirable and necessary to 
calibrate the instrument, assembly, 
or system at frequent intervals? 


Can calibrations be better de- 
pended upon when the entire measure- 
ment system is included? 


These questions, and many more, 
form the basis of the decision to be 
made which affects the total instru- 
mentation program, its success, its 
value to the total project, and its eco- 
nomics, 


What should be calibrated? All 
measurement instruments, assemblies, 
or systems which are utilized in Re- 
search, Development, and the Manu- 
facture of precision products. The 
decision of whether an instrument, an 
assembly, or a system calibration is 
most feasible can be made, most eco- 
nomically, with the assistance of an 
organization highly experienced in 
answering questions such as those out- 
lined above, evaluating instruments, 
assemblies, and systems, and in pro- 
viding calibration programs and equip- 
ment suited particularly to your in- 
dividual requirements. 





General Metrics Company is an 
Organization composed of scientists, 
engineers, and technicians specializing 
in providing the know how necessary 
to assist you in making decisions con- 
cerning your calibration programs. 


For details concerning the com- 
plete capabilities of General Metrics 
Company, simply write on your com- 
pany letterhead to Mr. Thurlow M. 
Morrow, Vice President, General Me- 
trics Company, 3142 Lincoln Avenue, 
Altadena, California. 
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IMPORTANT MOVES BY KEY PEOPLE 


Sprague Becomes ISA; Head 
Others Named at Meeting 


te PhilipA. 

Sprague (photo) 

took office as the 

new president of 

the Instrument 

Society of Amer- 

ica at the society’s 

16th annual meet- 

ing held in Los 

Angeles in Sep- 

tember (see p. 22). Sprague, president 

of The Hays Corp., has been presi- 

dent-elect-secretary since last year’s 
society meeting. 

In line to be next year’s ISA presi- 
dent is Nathan Cohn, vice-president 
of Leeds & Northrup Co., who was 
named _ president-elect-secretary. John 
R. Maloney was selected vice-presi- 
dent-elect of ISA’s Standards & Prac- 
tices Dept., and Dr. Benjamin W. 
Thomas became _vice-president-elect 
of the Technical Dept. Maloney is a 
superintendent at Union Carbide Nu- 
clears plant at Oak Ridge; Dr. 
Thomas is director of instrumentation 
physics research for Texas Butadiene 
& Chemical Corp. Six district vice- 
presidents were also named to two- 
year terms. 


Wildhack Named Associate 
Director at NBS 


William A. Wildhack is the newly 
appointed associate director of the 
National Bureau of Standards. The 
long-time NBS staff member had been 
special assistant to the bureau’s direc- 
tor since last year. 

Wildhack came to NBS in 1935 as 
a physicist in the Aeronautical Instru- 
ments Section. As chief of the Missile 
Instrumentation Section in 1948-50, 
he directed flight tests of guided mis- 
siles and developed equipment for 
evaluating their performance. For the 
next 10 years Wildhack was chief of 
the Office of Basic Instrumentation. 

Wildhack was Instrument Society 
of America president in 1954 and was 
named ISA’s first fellow in 1959. 


to Set Up Consulting Firm 


Hollander Associates is the name of 
the computer design and consulting or- 
ganization recently formed by Gerhard 
L. Hollander in Fullerton, Calif. 
Hollander was manager of a general 
purpose computer department at 
Hughes Aircraft Co.’s ground systems 
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group in Fullerton. He took this post 
in the spring of 1960 from a position 
as section manager for systems man- 
agement and control computer sys- 
tems at Philco Corp. 

Hollander’s group will provide serv- 
ices ranging from design of entire sys- 
tems to the solution of a specific de- 
tailed problem. Hollander’s approach 
is said to be based on a unique ana- 
lytical technique that allows quanti- 
tative selection of the best solution of 
several alternatives. 


Lee Heads Ketay Component 
Engineering at Norden 


Shu Lee has 
become chief of 
component engi- 
neering for the 
Ketay department 
of Norden Div., 

United Aircraft 
Corp. The Chi- 
nese university 
and Purdue edu- 
cated engineer has been a member of 
Norden’s engineering department for 
the past six years. 

Coincident with Lee’s appointment, 
Norden also announced that it was 
transferring Ketay from its plant in 
Commack, N. Y., to the new Norden 
main facility in Norwalk, Conn. The 
Ketay name will be continued for the 
line of servo components, and separate 
production and engineering operations 
will be maintained at Norwalk. 


Other Important Moves 


Dr. Jan A. Rajchman is now direc- 
tor of the Computer Research Labora- 
tory at the David Sarnoff Research 
Center of Radio Corp. of America in 
Princeton, N. J. Dr. Rajchman has for 
the past few years headed an RCA 
Laboratories group working on the 
development of ultra high speed com- 
puters. Among Dr. Rajchman’s con- 
tributions to computer design is the 
magnetic core memory system. He has 
been with RCA since 1953. 


Clarence H. Lewis is the newly ap- 
pointed manager of Westinghouse 
Electric Corp.’s Astroelectronics Lab- 
oratory in Newbury Park, Calif. Lewis 
replaces Jack E. Darr in the position. 
Darr is returning to the Air Ann Div.’s 
home plant in Baltimore, Md., to a 
post in the Engineering Dept. 


Louis B. Young is the new general 
manager of the Systems Div. of The 
Bendix Corp., Detroit, Mich. He re- 
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Series 120000 SP Series 10000 


Series 120000 


aaa 


Series 80000 


Bina-View 
Binary Operated Display 


i 
PRESS 
No. 28 
REQUIRES 
SERVICE 


TOP 


Series 160000 


Series 90000H 


re .3 


READOUTS THAT DO MORE THAN DISPLAY "NUMBERS 


I.E.E’s complete line of rear-projection readouts com plete! numbers are only one form in a host of methods 
o 


display words, numbers, symbols, and color. 
The alpha-numeric Bina-View readout is 
self-decoding and operates direct from binary 
output. And all can satisfy human factors 
requirements! 

The engineering staff and facilities of Indus- 
trial Electronic Engineers, Inc. have approached 


under 
the 


in visual communications. The engineering 
talent at I.E.E. work under the formula that the 
more forms of visual communications that are 
available the less chance there is for communi- 
cative breakdown. Jn a word; complete. 


munications is invited. 


EE Your inquiry to complete readout visual com- 


the problem of readouts as one of visual : 
communications, the case in point being that | INDUSTRIAL ELECTRONIC ENGINEERS, Inc. 


5528 Vineland Avenue, North Hollywood, California 


roof 
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NOW e ec e PORTABILITY pus ACCURACY 


and up to 


50°. SAVINGS IN COST! 


A RELIABLE AND ECONOMICAL WAY TO RECORD 


Vv STRAINS 

VV PRESSURES 

|v TEMPERATURES 

\v POSITION INFORMATION 


« CONNECT YOUR TRANSDUCERS DIRECTLY to MOBIDAC. No 
external d-c channel amplifiers required 
¢ GUARANTEED DIRECT COMPATIBILITY with all major com- 
puters. No tape translation required. 
OPTIONS: Increased channel capacity . . . 100 or more, Higher 
Sampling Speeds, Quick-Look Display, Punched Tape and 
Card Outputs. 


: 90 DAY DELIVERY For Detailed Specifications and Prices, write Dept. CE 
5 eegaie RoR 36” x 20” x 24” 


= oe NORIMDMAC 


a as vidi ige MOBILE DATA ACQUISITION SYSTEM 


BE] [1 4 | SYSTEMS ENGINEERING LABORATORIES, INCORPORATED 


LOgan 4-7616 P.O. BOX 9148 4066 NORTHEAST FIFTH AVENUE FORT LAUDERDALE, FLORIDA 
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special 


i RECORDING INSTRUMENT 


Sophisticated instruments that chart critical variables 
demand sophisticated recording papers. That’s why 
more and more recording instrument manufacturers are 

“turning to” Ludiow, patent holders of the first non-wax 
thermal and pressure sensitive chart papers. 


Ludlow research and engineering design will go to work 
for you to create to your precise specifications the exact- 
ing, ultra-sensitive recording papers required to produce 
ultimate performance from a fine instrument. . . records 
free of failures or inaccuracies. Write Dept. CE-41 for 
literature and samples. Include your requirements or 
special problems. 


LUDLOW PAPERS 
WARE, MASSACHUSETTS 
A DIVISION OF LUDLOW CORPORATION 


SAPD pale mengintapinain 2:0 sreracetmnnrn 


pti yates Sosy in 0 ges cers nrecone 


- Seen matt bestest ead eee 
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WHAT’‘S NEW 


places Roy J. Sandstrom, who has been 
promoted to a position in the Misha- 
waka Div. Young has been with the 
Systems Div. since its organization al- 
most five years ago. He became assist- 
ant general manager in January 1960. 


David F. Sanders, president of 
Lockheed Electronics Co., has become 
a vice-president of the parent com- 
pany, Lockheed Aircraft Corp. The 
change followed the merging of the 
Plainfield, N. J., company into the 
total Lockheed organization, a move 
aimed at better coordination of the 
electronics outfit with other Lockheed 
divisions working in the field 


Roy L. Ash is the new president of 
Litton Industries, Inc., Beverly Hills, 
Calif. Ash was ass« ciated with Charles 
B. Thornton, now. Litton chairman 
and chief executive officer, in the 
founding of the company. The new 
president has been vice-president, vice 
president and treasurer, president of 
Litton Systems, Inc, subsidiary, and 
executive vice-president. 


John Maislinger is now chief devel 
opment engineer at the Precision Me 
ter Div. of Minneapolis-Honeywell 
Regulator Co. He had been chief en 
gineer for International Instruments, 
Inc. In his Honeywell position Mai- 
slinger will head the development of 
new meters and indicating instruments 
for aircraft and industrial applications 


Dr. Claus Haake has become re 
search manager of the Research Lab- 
oratories of Giannini Controls Corp., 
Calif. Before joining Giannini, Dr. 
Haake was a senior physicist working 
on solid state projects for Westing 
house Electric Corp. 


Sam E. Cumpston has joined I-T-E 
Circuit Breaker Co., Philadelphia, Pa., 
as engineering manager for the Special 
Products Div. He was with General 
Electric Co. in that company’s De 
fense Systems and Aircraft Nuclear 
Propulsion Depts. 


I. Nevin Palley has left Interna 
tional Telephone & Telegraph Corp., 
where he was president of ITT Federal 
Laboratories Div., to become execu- 
tive vice-president of Curtiss-Wright 
Corp., Wood-Ridge, N. J. He will be 
responsible for direction of plans for 
expansion in electronics and propul 
sion systems. Palley joined ITT just 
last year from a post as senior vicc 
president of Temco Aircraft. 
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CATALOGS AND 
BULLETINS 


The first three items are examples of espe- 
cially useful applications literature. They 
can be obtained by circling the indicated 
numbers on the reader service card, as can 
the other new literature items, except the 
fourth, for which a charge is made and a 
direct request is required. 


Gyro handbook 


The fourth edition of this now well known 
manual, Technical Information for the 
Engineer—Gyros, boasts better readability 
than its predecessors as the result of the 
use of a new, larger typeface. The 60-page 
book covers the theory, performance, ap- 
plication, construction, and testing of vari- 
ous gyroscopic instruments. Included are 
sections on rate, rate integrating, free, ver- 
tical, and directional gyros, as well as 
stable platforms and accelerometers. All 
text material has been kept up to date, 
especially the information on typical units 
drawn from the manufacturer's product 
line. A longer and more modern bibliog- 
raphy has been compiled. A host of dia- 
grams, tables, graphs, and photographs are 
used.—Kearfott Div., General Precision, 
Inc. Circle No. 400. 


Miniature bearings 


This 48-page Miniature and Instrument 
Ball Bearing Catalog provides a broad 
range of information on these compo- 
nents. Complete two-color tables give data 
on the manufacturer’s line, and graphs 
cover several specific bearing characteris- 
tics. Complete information is included on 
bearing reliability, and a section gives de- 
tails on typical applications—New De- 
parture Div., General Motors Corp. Circle 
No. 401. 


Spectrum analysis 


The third edition of this 58-page Ana- 
lyzer Techniques Handbook devotes 34 
pages to detailed descriptions of measure- 
ment techniques using spectrum analyzers. 
Completely illustrated with photographs 
and sketches of traces and block diagrams 
of test setups, the publication also includes 
such information as mathematical tech- 
niques for determining sensitivity and 
modulation spectra. The remaining por- 
tion has concise descriptions of the manu- 
facturer’s line of analyzers—Polarad Elec- 
tronics Corp. Circle No. 402. 


ROTAMETER CALCULATOR. Brooks 
Instrument Co., Hatfield, Pa. This two- 
dial slide rule allows one-setting solution of 
basic temperature-pressure and _ specific 
gravity equations involved in rotameter 
sizing. One circular slide rule is for solving 
liquid service equations and the other, for 
gas and steam service. Back of calculator 
lists useful specific gravities, conversion 
factors, and equations for rotameter sizing. 
Rules are made of plastic coated card- 
board. Price: $1. 


HIGH PERMEABILITY ALLOYS. Mag- 
netic Metals, Inc. Booklet, 40 pp. Com- 
prehensive publication deals with four 
lines of high permeability magnetic metals 
designed by this company and manufac- 
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New Kidde 5000 psi 
pneumatic system 


features mobility, 
precision regulation! 


From the laboratories of Walter Kidde & Company, Inc., comes this 
mobile pneumatic system which delivers 4 cfm of clean, dry air at 
pressures up to 5000 psi. Completely portable and easy to maneuver, 
the system features two highly accurate regulators: one for pres- 
sure ranges of 0-200 psi; the other for pressures up to 5000 psi. All 
controls and gauges have been placed at the optimum level for acces- 
sibility and ease of handling. Light in weight, the system measures 
22” by 49” by 32”, and is available powered with either electric or 
hydraulic motors or gasoline engine. 

Used for aircraft and missile ground-support equipment and 
for laboratory applications, systems of this type can supply high and 
low-pressure air in ambient temperatures varying from —40 degrees 
to +120 degrees F. For more information, write. Kidde today. 


Kidde Aero-Space Division 
Walter Kidde & Company, Inc., 1117 Main St., Belleville 9, New Jersey 


Sales-Engineering Offices: Atianta « Boston « Dayton * Huntington (NY) « St. Louis * San Diego « Seattie* Van Nuys (Ca!) « Washington (0 C) 
Walter Kidde-Pacific, Van Nuys, California « Walter Kidde & Company of Canada Ltd., Montreal, Toronto, Vancouver 
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A GOLD MINE... 


of information you need! 


Stake your claim for $4.50 


ELECTRICAL EQUIPMENT MANUAL 


Second Edition 
by J. F. McPartland and W. J. Novak 


Here's a 239-page, completely indexed, hard cover book. 
Everyday, easy-to-use data on 


Lamps ® Switchboards & 
Lighting Fixtures Panelboards 

Air Conditioners Motor Controls 
Heaters Wiring Devices 


a 

* 
Generators Switches 

Relays 

Sound Systems ® Pole Line Equipment 
Motors @ Raceways and ess 
Wire and Cable Busways Closed-circuit 
Transformers Insulating Materials Television 
Capacitors ® Explosion-proof Tools 
Protective Devices Equipment Meters and Testers 


Batteries and 
Chargers 
Grounding Devices 
Time Switches 
Signals and 
Clock Systems 

® Industrial Electronics 


Designed for use as an instruction manual or as a reference text . . . aimed at 
the practical interests of — 

e Electrical Contractors e Estimators 

e Electricians e Electrical Inspectors 


e Consulting Engineers 
e Plant Engineers 


GET your copy today! The only book of its kind, it contains UP-TO-DATE 
installation and application data, highlighting the best of modern circuits in 
which equipment is used. This book guides you in selecting the right equipment 
and materials for every job. The unique format is designed to provide ready 
answers to specific questions. 


Please send me 


Electrical Wholesaling 
Dept. 270-059 

330 West 42nd St., 
New York 36, N.Y. 


copies of the sturdily-bound, 
239-page book ‘‘Electrical Equipment Manual” at $4.50 
per copy ($3.75 per copy for orders of 50 or more). 
Enclosed is full payment of $ 
PLEASE PRINT 


NAME 





ADDRESS 





CITY 





COMPANY NAME AND ADDRESS 
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Catalogs & Bulletins 


tured and sold by the Carpenter Steel Co. 
Gives comparison between Epstein strips, 
stamped rings, and I DU laminations. New 
approach to core loss calculation is given, 
and considerable information on 60 and 
400-cps loss is included. A large number 
of tables, graphs, and photographs of test- 
ing equipment is used. A section on mag- 
netic behavior of metals and the selection 
and use of test methods is also a feature. 
Circle No. 403. 

BALL VALVES. Hills-McCanna Co. 
Catalog 1200-A, 32 pp. Detailed informa- 
tion on this manufacturer’s line of manu- 
ally and pneumatically operated ball valves 
is contained in this well-illustrated two- 
color publication. Large size cutaway 
drawings and tables describe models from 
+ to 12 in. Graphs give pressure-tempera- 
ture ratings. Circle No. 404. 

IR TRANSMITTING MATERIALS 
Servo Corp. of America. Folder, 4 pp. Re- 
views properties of 15 infrared transmitting 
materials. Long wavelength transmission 
limit, index of refraction, cold water solu 
bility, soluble solutions, maximum size, 
and relative costs are covered in a table. 
Circle No. 405. 

MINIATURE GEARS. Perfect Gear and 
Instrument Corp., Sub. of Liberty Elec- 
tronics Corp. Catalog 6A, 256 pp. Said 
to cover the largest line of stock miniature 
gears in Precision I, II, and III in the 
U.S., this pocket sized volume includes 
miniature stock gears with bores from 
0.0900 to 0.3750 in. and face widths from 
1s to Ys in. A complete line of antiback- 
lash gears and mechanical slip clutches 
are also shown. Components are illus- 
trated by dimension drawings, and tables 
give specifications including materials 
available and prices. Circle No. 406. 
SERVO CONTROLLED PUMPS. The 
Oilgear Co. Bulletin 47700, 20 pp. Clear 
two-color drawings show how these vari- 
able displacement electrohydraulic servo- 
controlled pumps operate. Complete 
specifications and dimension drawings are 
given for pumps and a line of control 
components including transistorized am- 
plifiers and electrical transducers, among 
others. Diagrams and text describe several 
typical applications of the pump and con- 
trol components. Circle No. 407. 
SERVO COMPONENTS. _ Daystrom, 
Inc., Transicoil Div. Condensed catalog, 
16 pp. Dimension drawings and tabula- 
tions of electrical characteristics are given 
for a line of servo components and pack- 
ages including servomotors, tachometers, 
synchros, resolvers, and gear trains. Photo- 
graphs of the components are included, 
and curves show gain vs temperature vari- 
ation. Circle No. 408. 

MECHANICAL DIFFERENTIAL. Dy- 
namic Gear Co., Inc. Brochure, 43 pp. 
Following general information and design 
criteria for mechanical differentials, this 
publication includes a section containing 
27 drawings of stock and pre-engineered 
differentials. Drawings are standard Size 
A, printed on perforated, reproducible 
stock. Also included is a test report on 
stock differential complete with actual test 
curves. Circle No. 409. 

RECORDERS. General Electric Co. Bul- 
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letin GEA-6933A. Describes a full line of 
direct and servo operated panel and porta- 
ble recorders. Types included are 19 
different single and multipen, ink and ink- 
less, and strip and round chart recorders. 
Recorders are classed in accuracy groups 
of 4, xs, 1, 2, and 3 percent. Photographs 
of units and complete specifications are 
included. Two pages of tables serve as a 
complete specification guide for choice of 
models. Circle No. 410. 

ELECTRONIC COMPONENTS. New- 
ark Electronics Corp. Catalog 72, 500 pp. 
The largest in this electronic parts dis- 
tributor’s history, this 1962 catalog con- 
tains over 70,000 items from more than 
500 manufacturers. Components are 
grouped for easy reference. Quantity prices 
are included. Circle No. 411. 
PHOTO-OPTICAL PRODUCTS. Con 
solidated Systems Corp., Photo-Optical 
Div. Brochure, 16 pp. This well illus- 
trated publication describes military cam- 
era, photo instrumentation, and other opti 
cal products capabilities. Included are 
tadarscope camera, industrial pulse camera, 
missile tracking camera, electro-optical de- 
vices such as borescopes, and infrared 
equipment. Circle No. 412. 
RECORDING AND ALARM SCAN- 
NING SYSTEMS. Monitor Systems, Inc., 
Sub. of Epsco, Inc. Systems brochure 
7000, 8 pp. Covers the Senes 7000 line 
of modular digital systems for alarm scan- 
ning. and digital recording of any com- 
bination of analog values. Describes de- 
sign features in detail and illustrates the 
variety of building block modules and 
subassemblies available to design a system 
for any requirement. Circle No. 413. 
BLACK LIGHT. General Electric Co., 
Large Lamp Dept. Booklet LS-141, 12 pp. 
Describes use of lamps producing near 
ultraviolet (black) light, which causes 
certain materials to fluoresce. Tabular in- 
formation is given on manufacturer’s line 
of these lamps, and applications informa- 
tion, including complete, detailed design 
procedures, is included. Circle No. 414. 
HARDWARE CATALOG. Boonshaft 
and Fuchs, Inc. Brocure, 6 pp. Short 
descriptions and photographs describe con- 
trol, power, and test equipment. Among 
the control elements included are servo- 
amplifiers and a table programmer. Power 
devices include hydraulic actuators and a 
servovalve manifold. An on-line statistical 
computer and a frequency amplifier are 
among the test units. Circle No. 415. 
BYPASS ROTAMETERS. Brooks Instru- 
ment Co., Inc. Bulletin 116, 8 pp. Means 
of measuring and controlling a flow rate 
in pipes as large as 48 in. in diam are 
described in this new publication. Com- 
plete tabular information is given for ca- 
pacity determination and flow range data. 
Two-color chart-drawings give piping re- 
quirements. Accuracy information is also 
included. Circle No. 416. 

MINIATURE TUBES. Raytheon Co., 
Industrial Components Div. Handbook, 
10 pp. Contains complete tabular descrip- 
tions of 142 miniature vacuum tubes for 
industrial, military, and communications 
applications. Tube base and connection 
diagrams are included. Listing contains 
twin diodes, triodes, twin triodes, pentodes, 
twin pentodes, and twin tetrodes for new 
equipment designs. Circle No. 417. 
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PUSH TO TEST AT REAR 
AWAY FROM ALL 
HOT CONTACTS 


COMPLETELY PROTECTED 
AUXILIARY SWITCH 


@ Lightweight 

@ Easy to Test 

@ Easy to Service 
@ Easy to Mount 


A quick check of the unique 
features incorporated in this 
totally new Guardian Power 
Relay should attract and 
intensify the interest of 
engineering specialists who 
are responsible for the 
dependable performance of 
power relay controls. 


Series 


2300 


Inverted Coil Construction protects armature and contacts to insure long life, 
reliable electro-mechanical operation. 


- Contacts (D.P.D.T.) U/L rated for 15 amperes at 115 V.A.C. non-inductive, or 
1 H.P. at 115/230 volts, 60 cycles. 


Screw Type Terminals easily accessible for top or bottom connections. 


- Recessed Auxiliary Switch up to S.P.D.T. rated at 125 volt amperes Pilot duty 
115/230 V.A.C., 60 cycles, or 10 amperes at 115 V.A.C. non-inductive. 


5. Armature Extension permits manual circuit testing. 


Voltages: 6,12,24,115 and 230 V.A.C., or 6,12,24,110 and 220 V.D.C. 


Size: 36" x 242" x 2%". Shipping Weight: 8 ounces. 
Mounting: Two %«" holes on 17%” centers. Low Priced. 
Write for Circular and complete details 


Visit Guardian’s Booth A.E.S. Show Nov. 15-16-17 Los Angeles, California 


GUARDIAN LG) ELECTRIC 


MANUFACTURING COMPANY 
1558-M W. CARROLL AVENUE, CHICAGO 7, /LLINOIS 
“Everything Under Control” 
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ON SERVO MOTORS 


Here’s information you can use to increase speed and accu- 
racy in high precision control and measuring equipment .. . 4 
fact-filled pages on Holtzer Cabot’s line of R-24 Servo Motors. 

Contains 3 sets of speed-torque, performance curves: (1) 
For four different stator stackings with 115V on both windings. 
(2) For four different stackings with 115V on fixed winding 
and 200V on control winding. (3) For 0.7” of stator stacking 
with 115¥V on fixed winding and 200V, 100, and 50 on control 
winding. Gives additional data such as starting voltage, stall 
torque, rotor inertia, acceleration at stall, etc. 


The R-24 Line has stator cores of 2.4” diam., available with 
stacking lengths of 0.5”, 0.7”, 1.0” and 1.4”. Models with or 
without gear trains. Send for your free copy of Bulletin 
MO-3.7A. Write: Holtzer-Cabot Motor Division, 125 Amory 
Street, Boston 19, Massachusetts. 


MOTOR DIVISION 


National Pneumatic Co., Inc., Boston 19, Mass. 
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Feedforward process control 


From “The Application of Dead- 
Time Compensation to a Chemical 
Reactor for Automatic Control] of 
Production Rate,” by D. E. Lupfer 
and M. W. Oglesby, ISA Paper No. 
10.2, presented at the Joint Auto- 
matic Control Conference, Boulder, 
Colo., June 28-30, 1961. 


Significantly improved control and 
increased process efficiency result from 
the use of feedforward techniques and 
a dead time simulator. The process 
controlled is a continuous chemical 
reactor whose production rate is a 
function of catalyst addition. To mini 
mize the effect of dead time on the 
control system, a linear predictor con- 
trol was developed. Application of the 
predictor method requires that a dy- 
namic model of the process be used 
as part of the control system. 

An analog simulation study was 
made to determine how much control 
improvement could be gained by using 
an exact linear predictor control, and 
to determine the lowest order dead 
time model that would give satisfac- 
tory results. In the simulation studies, 
the first order dead time predictor 
showed good improvement over con- 
ventional control. Plant results verified 
findings obtained from the simulation 
studies. Little is gained by applica- 
tion of a dead time model greater than 
first order for this particular process. 
For other processes with a higher ratio 
of process dead time to exponential 
rise time, higher order dead time sys- 
tems offer greater improvement. How- 
ever, little improvement would be 
realized in any dead time process using 
a dead time model that exceeds fourth 
order. 


Quantifying maintainability 


From “On the Meaning of Quanti- 
fied Maintainability”, by Nicholas 
Maroulis, Paper No. 24/3 presented 
at the Western Electronic Show 
and Convention, San Francisco, 
Calif., August 22-25, 1961. 


Because the study of maintainability 
lags reliability development by about 
a decade, the need for a quantitative 
treatment is well established. To de- 
velop the formal methods and tech- 
niques required, a possible approach 
is presented. 

Maintainability is defined as a meas- 
ure of the quality of the maintenance 
system. Basic factors that affect the 
maintenance system are categorized 
into three classes: intrinsic; . built-in; 
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and extrinsic. Twenty different sources 
of down time-are listed in a numerical 
approach that considers mean down 
time as the value of maintainability. 
The effect of system designers and 
users on down time is briefly analyzed 
from evidence obtained in a series of 
experiments on maintainability. 

Several mathematical approaches to 
quantifying maintainability—Queing 
Theory, Markov Chain, Information 
Theory, Regression Analysis and the 
PERT/PEP technique are consid- 
ered, the PERT technique receiving 
more detailed examination than the 
other formal treatments of maintain- 
ability 


Cost control loops 


From “Cost Models for Control 
Systems Engineering,” by Harold 
Chestnut, AIEE Paper No. CP 
61-707, presented at the Joint Auto- 
matic Control Conference, Boulder, 
Colo., June 28-30, 1961. 


A cost model is a simple economic 
statement of the factors contributing 
to financial net return of a venture. 
It is helpful in evaluating to what 
extent automatic control or computa- 
tion is justified. Literal mathematical 
expressions of major cost factors are 
useful for initial design engineering 
as well as for formulating criteria for 
on-line automatic control of operating 
costs. 

Because of the varying conditions 
under which cost models may be re- 
quired, cost modeling is divided into 
three different sets of time conditions 
—long term, medium term, and short 
term. Each of these is discussed and 
their relationships developed. In gen- 
eral, the effect of costs shows over 
a long time span relative to conven- 
tional control systems. Cost relation- 
ships can initially be considered apart 
from control system variables. In an 
over-all system block diagram showing 
the interrelationship that exists be- 
tween a cost model, a cost control 
loop, and conventional control loops, 
the innermost loop provides local feed- 
backs, the intermediate loop provides 
the process settings, and the outer loop 
forms the net return or cost loop. The 
cost model provides a measure of 
profitability and can be used to com- 
pare calculated actual net return with 
a desired net return. Alternately, the 
cost model can provide a signal for 
an optimizing. control in which the 
most net return is sought. Long term 
models help in justifying the over-all 
investment. Medium and short term 
models provide information for ob- 
taining the greatest net return on the 
system being controlled. 
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Philbrick makes the most sat line of 2ssiad amplifiers 


Now you select your performer 
from two lines of octal plug-in 


PHILBRICK 


OPE 


SRATIONAL 


MPL IFIERS 


K2 Series . . For efficient and foolproof dif- 
ferential amplifier operation, the popular 
Philbrick K2 modular plug-ins still satisfy 
all but the most exacting requirements at a 
price far less than it would cost to build 
them yourself 


K2-W K2-XA K2-P 
Differential Differential Stabilizi 
Operational Operational 


Open Loop 
yt 5 
DC Gain 15,000 30,000 1000 


Output £50v Ima + 100v 3ma —_ 


Unity Gain . mS 
* 1 KCPS 500 KCPS —_ 
Crossover “ K I of KCI 


Unit price* $22 $27 $52 


The K2's have always been the lowest 
priced operational amplifiers. The new 
prices above make them even lower. These 
reductions are now possible because of 
production economies resulting from the 
continuing rise in demand for K2's. Im- 
provements, too, will be noted. (The famil- 
iar shape has been retained, but the gold 
color has been changed to a computor 
grey.) More important, new plastics re- 
place the old to achieve higher impact 
strength, higher temperature _ operating 
characteristics, and higher dielectric 
strength and reduced leakage 


Each K2 has a premium counterpart for use in exacting military and industrial applications. 
The K2’ ’ yay The SK2 family offers you the same plug- ’ 


We invite you to acquaint yourself with Philbrick’s wealth of applications literature 
Write for specifications, prices, and 28-page applications manual 


ceorcE A. PH TL BRICK eesearcuts, inc 


127 Clarendon Street, Boston 16, Massachusetts 


*Domestic prices: Effective November 1, 1961. 


Representatives in principal cities. 
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SK2 Series . . For higher performance, for 
extra long periods of drift-free uninter- 
rupted service, try these new SK2 plug-ins 
They are interchangeable with the K2's 
both electrically and ‘physically, and their 
low price will amaze and delight you 


SK2-V SK2-B SK2-P 
Differential Bocster Stabilizing 
Operational Follower 


100,000 + 3.5 
+ 100v 3ma + 100v 20ma 
1 MCPS —- — 


$58 $36 $65 


in conveniences as the K2 family, but the 
higher performances shown provide more 
speed and accuracy when you design instru- 
menting, computing, and controlling de- 
vices. The dependability of the SK2’'s is 
assured by the following design features 
all elements are severely derated; the venti- 
lated cases are all-aluminum; components 
are mounted on epoxy glass terminal 
boards; and a glass-to-metal header mini- 
mizes leakage and noise. Furthermore, 
SK2's can be secured to the chassis, which 
acts as a heat sink. 


Export Office: 
TERMINAL RADIO INTERNATIONAL LTD. 


240 West 17 Street New York 11. New York 
Cable: TERM RADIO or TRIL RUSH 








183 

















Increased technical re- 
sponsibilities in the field 
of range measurements 
have required the crea- 
tion of new positions at 
the Lincoln Laboratory. 
We invite inquiries from 
senior members of the 
scientific community in- 
terested in participating 
with us in solving prob- 
lems of the greatest ur- 
gency in the defense of 
the nation. 


asa ) ' RADIO PHYSICS 
| : ~ “ied oa and ASTRONOMY 
Beaver ss atte: i % RE-ENTRY PHYSICS 
ee. on Rrcccuse a PENETRATION AIDS 
, DEVELOPMENT 
, TARGET 
to | We are mighty proud that one IDENTIFICATION 
RESEARCH 
SYSTEMS: 


Space Surveillance 


e oe 
responsible a job es a lead Strategic Communications 


Integrated Data Networks 


2 a e of our products performs so 


Rescue I screw on Breeze Rescue and NEW. RADAR 


TECHNIQUES 
SYSTEM ANALYSIS 
COMMUNICATIONS: 


Techniques 
In Beaver Ball Screws which employ recirculating balls, Psychology 


° > . Theor 
engineers have discovered inherent features that con- * 


tribute importantly to products in which they are used. INFORMATION 
PROCESSING 


Whether it happens to be a rescue winch with human life —- Fovhh kd , 
depending on functional reliability, or a data controlled anu iaatenrae — 
machine tool demanding system stiffness for positive 
positioning of the cutting head, Beavers do the job. *A more complete descrip- 
tion of the Laboratory’s 
High efficiency (over 90%) and load moving potential, work will be sent to you 
extreme sensitivity and system stiffness with freedom upon request. 
from back lash or surge, and unsurpassed control of All qualified applicants will receive 
motion, fast break-away with minimal inertial drag, Fegard to race, creed, color or national 
compactness, long life .. . al! are Beaver features that er 
make products more appealing. 


Recovery Winches. 





May we offer 


————— ‘,. 
the benefit of our = oe i Y-T0 =) ivsu 


engineering os , Dre red Ele) 4) Research and Development 
i anecsee® Ll 
— and seaseeae | Droducts wie NCOLN LABORATORY 
guidance = Massachusetts institute of Technology 
i CLAWSON, MICH. Box 30 
LEXINGTON 73. MASSACHUSETTS 
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NEW BOOKS 


Motor design problems 


Tue Desicn or SMALL DireEcr- 
Current Morors, A. F. Puchstein, 
407 pp. Published by John Wiley 
€ Sons, Inc., New York. $12. 


This comprehensive treatment of a 
special but important aspect of electri- 
cal machine design will be welcomed 
by educators as well as practicing 
engineers. It should, moreover, serve 
as a fine companion to C. G. Veinott's 
Theory and Design of Small Induction 
Motors (McGraw-Hill Book Co., Inc., 
1959). 

The author develops his subject by 
discussing both planned and existing 
motor designs. This is done through 
illustrative examples that consider con 
ventional procedures and special meth- 
ods used by designers. Since the book 
is primarily directed toward those in- 
terested in small motor design, it as- 
sumes familiarity with their principles 
and characteristics. 

Much space is devoted to design 
problems that concern the magnetic 
circuits, field, and armature of the 
motor. Empirical relations and num- 
erous tables and graphs emphasize the 
practical aspects of building a machine 
that will not only conform to given 
specifications but will do so with good 
efficiency. An extremely useful design 
analysis is given of dc machines with 
permanent magnets. This material is 
particularly appropriate now because 
this type of converter is becoming in- 
creasingly popular in the smaller sizes. 

To this reviewer, Puchstein’s book 
is a refreshing departure from many 
highly theoretical, generalized texts 
about energy converters that have ap- 
peared in recent years. 

Charles S. Siskind 
Purdue University 


Operations research reference 


Procrrss IN QOperRsTIons ReE- 
SEARCH. Edited by R. L. Ackoff, 
505 pp. Published by John Wiley 
é Sons, Inc., New York. $11.50. 


This book, first of a series on oper- 
ations research, covers technical prog- 
ress in eight important areas (discussed 
in chapters 3-10), with emphasis on 
the development of modeling tech- 
niques and their application to prob- 
lem solving. The first chapter is de- 
voted to the meaning, scope, . and 
methods of operations research and 
was written by the editor. Mr. Ockoff 
carries it off rather well, considering 
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...@ new generation 
in paper-tape 
equipment 


e High-speed electrostatic paper-tape recorder 
replaces mechanical punches 


e Reflected-light reader accommodates all tapes— 
punched or recorded, opaque or transparent 


OMNI-DATA, a new line of 
equipment based on 
non-mechanical, non-impact 
reading and recording techniques, 
brings a new order of reliability, 
speed, and operating life to the 
application of coded paper tape. 
OMNI-DATA combines two 
exclusive Omnitronics advances: 
Visible recorded code 
presentation, rather than punched 
holes in the tape, and chopped- 
reflected-light reading, both result- 
ing in new levels of performance 
and the elimination of the bother- 
some chads of punched tape. 
Visible recorded data issues 
from OMNI-DATA recorder 
at speeds up to 600 char- 
acters a second at 10 char- 
acters to the inch. Even 
higher recording and read- 
, , Hr 4 ing speeds, as well as greater 
A > ase eee packing density, are possible. 


Omnitronics Photoelectric Tape Reader, a part of the OMNI- 
DATA system, reads any kind of tape (OMNI-DATA or punched, 
opaque or transparent) interchangeably without adjustment. 


Learn the exciting details about OMNI-DATA recorders, readers, and reelers. Write 
for full information and the name of your nearest Omnitronics representative. 








OMN/ITRONICS, /NC. 





.Q.. Subsidiary of Borg-Warner Corporation 





Dept. CE-11, 511 N. Broad St., Philadelphia 23, Pa. 





| See us in Booth B-16, Eastern Joint Computer Conf., Dec. 12-14, Wash., D.C. 
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Control 
and 
Instrumentation 
Engineers 


A key research and development program is now underway 
at Atomics International to design long-life, compact, light- 
weight nuclear reactors that will provide auxiliary power 
systems for space applications. Many interesting problems 
exist to challenge electrical engineers who want to relate 
their present experience to reactor technology in any of the 
following areas: 


FLIGHT INSTRUMENTATION DESIGN 

Electrical control system design and/or aircraft or missile 
flight instrumentation design. Will establish flight instru- 
mentation requirements, block diagrams for flight and test 


systems, preliminary specifications for each instrument or 
subsystem. 


TELEMETRY 


Responsible engineers to analyze, plan and specify the telem- 
etry required to ascertain the performance of nuclear 
power plants during space tests. The individuals must have 
experience in missile instrumentation and telemetry of tem- 
perature, vibration, acceleration, etc. BS or MSEE preferred. 


CONTROL ANALYSIS 


Dynamic and control analysis including system start-up and 
full power operation. BS or MSEE plus familiarity with 
latest analog and digital techniques required. 


CIRCUIT DESIGN 


Electronics engineers experienced with both vacuum tube 
and magnetic devices to design and develop control circuits 
for compact nuclear power plants. 


All qualified applicants will receive consideration for employment without 
regard to race, creed, color, or national origin. 


For specific details write: Mr.G.L.Newton, Personnel 
Office, Atomics International, 8900 DeSoto Avenue, 
Canoga Park, California. 


ATOMICS INTERNATIONAL G4e> 


DIVISION OF NORTH AMERICAN AVIATION 








Checklist of 
helpful 


. a 


HANDBOOK OF 
ASTRONAUTICAL ENGINEERING 


Just Out. Provides a mass of essen- 
tial information for designing space 
vehicles—calculating their cost and 
performance. Ed.-in-Chief, H. H. 
Koelle, Edit. Board Chairman, Wer- 
ner von Braun. 1814 pp., 1052 illus., 


SYNTHESIS OF 
OPTIMUM CONTROL SYSTEMS 


Just Out. Explains advanced design 

techniques for high performance sys 

tems requiring the ultimate in re- 

sponse Covers 4 basic methods of 

optimizing a control system. By 

8S. S. L. Chang, New York Univ. 381 
« $11.75 


STATISTICAL DECISION THEORY 
Just Out, Describes how to use sta- 
tistical decision theory for solving 
industrial engineering, operations re- 
search, applied mathematics prob 
lems, and much more. By L. Weiss, 
Cornell Univ. 195 pp., $7.50 


SYSTEMS ENGINEERING FOR 
THE PROCESS INDUSTRIES 
Just Out. Describes how systems 
engineering can be applied profitably 
—in this first comprehensive treat 
ment of systems engineering in chem- 
ical engineer's terms. By T. J. Wil- 
liams, Monsanto Chemical Co. 102 

pp., $4.95 


LINEAR VACUUM-TUBE 
AND TRANSISTOR CIRCUITS 


Just Out. Shows you how to analyz 
and design vacuum-tube and tran 
sistor linear circuits more effectively. 
By A. J. Cote, Jr., and J. B. Oakes, 
The Johns Hopkins Univ. 411 pp., 
263 illus., 34 tables, $10.75 


COMPUTER CONTROL SYSTEMS 
TECHNOLOGY 

Just Out. Brings you a unified, pene 

trating view of the concepts, design 

techniques, and applications of com 

grat control systems. Edited by 
T. Leondes, * niv. of Calif. 649 pPp., 

348 illus., $16.00 


SUCCESSFUL COMMUNICATIONS 
IN SCIENCE AND INDUSTRY 


Just Out. A practical guide for scien- 
tists and engineers—on how to com 
municate more effectively in writing, 
reading, and speaking. By R. L. 
Zetler, Univ. of S, Florida, and W. G. 
Crouch, Univ. of Pittsburgh. 289 pp., 
$7.95 


“"10 DAYS’ FREE — 


McGraw-Hill Book Co., Dept. CON-11 

327 W. 41st St., New York 36, N. Y. 

Send me book(s) checked below for 10 days’ exam- 
ination on approval. In 10 days, I will remit for 
book(s) I keep plus few cents for delivery costs, 
and return unwanted book(s) postpaid. (We pay 
a livery costs ~ you remit with this coupon—same 

eturn privileg 
Oo Koelie Se von _Braun—Handbook of Astronautical 


En 50 
0 Chang * synthesis of Optimum Control Systems— 
11.7 


I 
| 
| 
| 
| 
n | 
0 Weiss Statistical Decision Theory—$7.50 | 
OG ag ee — Eng. for the Process Indus- | 
| 
| 
| 
| 


tries—$4.9 
0 Cote & ‘Oakes Linear Vacuum-Tube & Trans. 


Circuits—$10.7 
0 Leoncles“Computer Control Systems Tech.— 


0 ese “ c Dat 37 h— Succecetul Comms. in Science 


re vw 

City 

Company 

Position . 

For price and terms putside U. 
write McGraw-Hill Int’l., N.Y. 
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NEW BOOKS 


the non-unanimity of opinion in some 
of these areas. 

Some of the chapters are: Decision 
and Value Theory, by C. West 
Churchman; A Survey of Inventory 
Theory, by Fred Haussman; Mathe- 
matical Programming, by E. L. Arnoft 
and S. S. Sengupta; Dynamic Program- 
ming, by S. Dreyfus; Dynamics of Op- 
erational Systems; Markov and Queue- 
ing Processes, by P. M. Morse; 
Sequencing Theory, by R. L. Sisson; 
Replacement Theory, by B. V. Dean; 
The Theory and Applications of Simu- 
lation in Operations Research, by 
G. W. Mortenthaler; Military Gam- 
ing, by Clayton J. Thomas; and Prog- 
ress in Operations Research: The 
Challenge of the Future, by J. F. Ma- 
gee and M. L. Ernst. 

In spite of the constraint of working 
within rather severe space limitations, 
the various authors do a fairly good job 
of presenting the salient techniques of 
their respective fields in summary fash- 
ion. For the most part, the bibliogra- 
phies have been carefully selected to 
guide the reader to more detailed treat- 
ments of the various subjects. 

All considered, this book belongs on 
the bookshelf of operations research 
workers and systems engineers. 

C. T. Leondes 
University of California, Los Angeles 


Mag amp text 


TRANSDUKTORTECHNIK (MAGNETIC 
AMPLIFIER TECHNIQUE). Walter 
Schilling, 267 pp. Published by 
R. Oldenbourg Verlag, Munich, 
Germany. In German. 40 Deutsche 
marks, 


The term “transductor’ is often 
used for a saturable reactor, while the 
broader concept of the magnetic am- 
plifier includes rectifiers, transformers, 
and other elements of electrical power 
amplifiers. Schilling does not make 
this distinction; he talks about trans- 
ductors in lieu of magnetic amplifiers. 

The most useful magnetic amplifier 
text in English today is W. A. Gey- 
ger’s Magnetic-Amplifier Circuits 
(McGraw-Hill Book Co., Inc., 1954). 
Compared with Geyger’s book, Schil- 
ling offers a more fundamental text. 

This book is an excellent introduc- 
tion to magnetic amplifiers for engi- 
neers and college students. If trans- 
lated, it would probably fill the need 
for a new text on the subject. 

Werner G. Holzbock 
Bloomfield Hills, Mich. 
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New low-cost altitude pressure switch 
with accuracy over wide temperature range 


Here is another new pressure switch 
from Consolidated Controls with an im- 
portant combination of benefits: small, 
simple, light, low-cost. 

The Ni-Span-C sensing element gives 
you accuracy over a wide temperature 
range, operating in conjunction with a 
sub-miniature snap-action switch. What's 
more, it is field adjustable because 
special internal stops permit adjustment 
over the entire altitude range by simply 
turning the snap-action switch assembly. 
Only a vacuum pump and gauge are 
necessary for calibration. 

The unit is completely ‘‘O’’-Ring sealed 
and housed, within one-piece anodized 
aluminum case. Electrical connector is 


independent of adjustment mechanism. 


Available as absolute, gauge or vacuum 
unit, the Type 214C50 pressure switch is 
also offered with a variety of pressure and 
electrical connections. For full details, 
write or telephone Mr. Charles Colt, 
Bethel, Conn., Pioneer 3-6721, DDD 
Code 203. 





Performance characteristics 
of Type 214C50 Altitude Switch 


Adjustment range — sea level to 70,000 feet 
Accuracy — 2% from —65 to 250°F. 

Vibration — Mil-E-005272C procedure XII 

Life — 50,000 cycles minimum 

Contact arrangement—SPST, SPDT, nor- 
mally open, normally closed 

Weight — 3% ounces, without bracket 


CONSOLIDATED CONTROLS CORPORATION 


46 ie 
=~ 
” AMember 
of The Condec Group 





BETHEL, CONNECTICUT 
INGLEWOOD, CALIFORNIA 
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CHOOSE Servomorors- 


HIGHEST PERFORMANCE 


COSTS NO MORE! 


Where highest performance and reliability are a must, you can count 
on a Beckman Size 8 Servomotor. Choose from 10 models—Servo- 
motors, Velocity-Damp Servomotors, Inertia-Damp Servomotors and 
Servomotor-Generators. They’re precision-built by Helipot and 
available at competitive prices—and in many cases can be shipped 
immediately from stock. 

All Beckman Size 8’s are rated for operation to 200°C total tempera- 
ture. They’re available for either 26 volt or 115 volt excitation. For 
other representative specs, check the table below: 





If your system 
calls for a size8... 
call on the 
Beckman Size 8 line! 


Size 8 Servomotor 
Model 9008-1502-0 
Damp Servomotor 
Model 9008-1302-0 
Size 8 Servomotor 
Damping Generator 
Model 9008-1101-0 
Damp Servomotor 
Model 9008-0901-0 


Size 8 Velocity— 
Size 8 Inertia- 





Fixed 
Phase 


— 
— 
or 
a 


115v 26v 26v 





Excitation 4 
Control 33/16.5v | 33/16.5v | 38/16.5v | 33/16.5v 
Phase 





Torque at stall, 


; - 0.33 0.33 0.22 0.22 
oz. in. (nominal) 





Acceleration at stall, 


ae ENR 86,500 67,800 
rad/sec 





Overall length, inches 1.165 1.350 





Weight, ounces 1.6 2.4 1.9 2.0 























For complete application, price or delivery information, call your local 
Helipot Engineering Sales Representative ... or write directly to: 


| =iolet aaat-leee INSTRUMENTS, INC. 


HELIPOT DIVISION 


Fullerton, California 


POTS : MOTORS : METERS 
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MEETINGS _ 


NOVEMBER 


Tenth Annual Instrumentation Con- 
ference, Louisiana Polytechnic Insti- 
tute, Ruston, La. Nov. 2-3 


Sixth Annual Special Technical Con- 
ference on Nonlinear Magnetics, 
sponsored by AIEE, Statler-Hilton 
Hotel, Los Angeles, Calif. Nov. 6-8 


Seventh Annual Conference on Mag- 
netism and Magnetic Materials, 
sponsored by AIEE, IRE, American 
Institute of Physics, American Insti- 
tute of Metallurgical Engineers, Ho- 
tel Westward Ho, Phoenix, Ariz. 

Nov. 13-16 


Electronic Systems Reliability Sympo- 
sium, sponsored by Kansas City Sec 
tion IRE, Linda Hall Library Audi- 
torium, Kansas City, Mo. Nov. 14 


Northeast Research and Engineering 
Meeting (NEREM), sponsored by 
IRE, Boston, Mass. Nov. 14-16 


1961 Annual Display of the Aerospace 
Electrical Society, Pan Pacific Audi- 
torium, Los Angeles, Calif. 

Nov. 15-17 


American Society of Mechanical Engi- 
neers, Winter Annual ' Meeting, 
Statler-Hilton Hotel, New York 
City Nov. 26-Dec. 1 


Non-Destructive Testing Techniques, 
London, England Nov. 8-10 


DECEMBER 


Eastern Joint Computer Conference 
(EJCC), sponsored by IRE/PGEC, 
AIEE, ACM, Sheraton-Park Hotel, 
Washington, D. C. Dec. 12-14 


Forum on _ Electronic Computers, 
sponsored by Joint Committee on 
Continuing Legal Education of the 
American Law Institute and the 
American Bar Association, Statler- 
Hilton Hotel, Los Angeles, Calif. 

Dec. 14-16 


JANUARY 


Eighth National Symposium on Re- 
liability and Quality Control, spon- 
sored by IRE, Statler-Hilton Hotel, 
Washington, D. C. Jan. 9-1] 


17th Annual Instrumentation Sym- 
posium, sponsored by A&M Col- 
lege of Texas, College Station, Tex. 
Jan. 24-26 
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DIGITAL SYSTEMS INTEGRATION | 


Can you integrate the developmental sub-systems of a digital 
tactical data system into a smoothly functioning prototype 
system? Can you do this with a view towards testing, evaluat- 
ng, modifying, and enhancing the system and without losing 
sight of interaction, trade-off, reliability, and logic efficiency? 
f affirmative, write to Mr.S.L. Hirsch. 


An Equal Opportunity Employer 





LITTON SYSTEMS, INC. Data Systems Division 


Canoga Park, California 

















Limited Distributorships Available 


yours for the asking—Astromics applications brochure, 


“VARIABLE RELUCTANCE PRESSURE TRANSDUCERS” 


stromics 666 West Harvard Street 


Glendale, California 
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Ultra- 


sensitive 
relays 


HELPFUL DATA FOR YOUR 
CIRCUITRY IDEA FILE 


The circuit drawing below indicates just one 
of the hundreds of ways many manufac- 
turers utilize Micropositioner® polarized 
relays to solve complex control probleme. 


POSITION CONTROL WITH 
TRANSISTORIZED MICROPOSITIONERS® 


The MYZA transistorized polar relay 
is a Barber-Colman Micropositioner 
with a built-in preamplifier so that it 
requires greatly reduced input power 
to operate the contacts. 

The MYZA relay is particularly use- 
ful in positioning circuits where trans- 
mitting and follow-up potentiometers 
are necessarily small and have a limited 
power capacity or where a high degree 
of accuracy must be achieved. 

With the circuit illustrated above, 
the position of transmitting potentio- 
meter, R1, can be indicated within 0.1 
per cent. Movement of R1 provides an 
input error signal to the MYZA relay. 
The relay contacts energize a motor 
coupled to the follow-up potentiometer, 
R2, in order to balance the bridge. 
Both potentiometers are shorting types. 
Power required in a 25-volt system is 
on the order of .1 watts, with as little 
as .01 watts dissipated in the bridge. 

MYZA relays are custom-engineered 
to the requirements of each application. 
Write for technical Bulletin F7754-2. 


BARBER-COLMAN 
MICROPOSITIONER® 
POLARIZED D-C RELAYS 


Operate on input 


power as low as 40 
microwatts. Avail- 
able in three types 
of adjustment: null 
seeking . . . magnetic 
latching “memory” 
.-- and form C break- 
make transfer. Also 
transistorized types with built-in preampli- 
fier. Write for new quick reference file. 


BARBER-COLMAN COMPANY 
DEPT, W, 1848 ROCK STREET, ROCKFORD, ILLINOIS 
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» DREXEL CARD CIRCUITS, designed for medium to large size digital 
systems, supersede the usual high cost conventional logic card systems. 
Operating in the medium speed range, they achieve the inherent reli- 
ability of transistor switching circuits without the use of redundant 
elements or premium components. The Drexel capability for producing 
any logic with the fewest simple circuits as elements, results in econ- 
omical card circuits which meet the most stringent government or 
commercial specifications. Card size and other parameters are selected 
to provide the most efficient overall system. Input and output circuits 
are available on same type of card as used for logic operations. 


DREXEL 
| DYNAMICS 


/ 
LU Horsham, Pennsylvanio Pd 
Waverly 7-6200 


OPERATIONAL FEATURES 

® NAND, NOR and Diode Logic available 
e Twenty card types provide flexibility 

®@ Decoupling of power supplies on each card 
e “Worst-Case” design plus 50% derating 
@ Staked on hermaphrodite terminals 

® Clamped outputs at O and minus 6 volts 
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Proved, Accurate, Reliable 


PROGRAMMING 


® Missile 
Guidance 

¢ Ground 
Check-out 

* Jet Engine 
Testing 

® Industrial 


13 CHANNELS — 4 HOUR PROGRAM 

Where precise timing, maximum flexibility, minimum size and weight are 
needed in a programmer that has proved itself in numerous field 
applications, Beattie-Coleman MLPR13 meets all requirements. Controls 
programs up to 4 hrs., 42 min. duration on 13 channels. Programs 
quickly changed by inserting new punched 35mm Mylar tape. Reliability: 
99.999%. Specified by Aerojet, Bendix, Convair, Douglas, Lockheed, 
Martin, North American, RCA, Ryan, Sandia and others. Send for catalog 
on this and other models to fit your needs. 


=| BEATTIE-COLEMAN, inc. 


Cc 1050 N. Olive St., Anaheim, Calif. » PR 4-4503 





BrancHes: 437 Sth Ave., N.Y. * OR 9-5955 / 5831 Tomberg, Dayton, Ohio * BE 3-1916 
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Bistable Amplifier for 
Static relay control 


tag ‘ 
ae - 
Richard B. Doorley, Mgr., New Products Div. 
Railway Maintenance Corp., Pittsburgh, Pa. 


“Norbatrol helped us cut 
R&D time by 1 year with 
this Bistable Amplifier” 


“Norbatrol’s Bistable Amplifiers solved many 
control problems in redesigning our McWilliams 
Jack-and-Production Tamper from manual to 
reliable, automatic operation. Now this RMC 
railroad surface machine operates electroni- 
cally—improves grade and cross level to ac- 
curacies never previously accomplished. And 
we got a bonus,”’ Mr. Doorley continues, ‘‘these 
rugged, reliable static relays cost less than 
alternate systems.” 

You, too, can speed development and pro- 
duction time with the ultrasensitive Bistable 
Amplifier—it replaces mechanical relays in 
critical control and regulating applications. 
The Bistable incorporates silicon controlled 
rectifiers, magnetic amplifiers and attendant 
circuitry to give multiple inputs as low as 
5 x 10-8 watts, fast response, high gain and a 
current output of 1 Amp at an 85° C. ambient. 


GET THE FACTS on design 
and application data—write for 
technical bulletin CS60. 

NE-1 


rrriirire 
NORBATROL 


Electronics Corp. 
DEPT. A 356 Collins Avenue 
Pittsburgh 6, Pennsylvania 
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WHAT’S AVAILABLE 
IN REPRINTS 


The following reprints have 
been prepared to make impor- 
tant reference-type editorial ma- 
terial available to CONTROL 
ENGINEERING readers in 
convenient filable form. Single 
copies of any reprint can be ob- 
tained at the nominal cost listed 
below by circling the corres- 
ponding numbers on a reader 
service card, p. 166. Don’t send 
money with card, we will bill 
you later. For multiple copies 
write Reprint Dept. Quantity 
rates will be quoted on request. 


513—Measuring With Solid State Trans- 
ducers, 16 pp. Contains all articles from 
the Measurement section of Control Engi 
neering’s September 1961 theme issue on 
Solid State in Control. Covers piezoelec 
tric and piezoresistive strain gages, Hall 
effect transducers, semiconductor ther 
mometers, and a number of devices for 
sensing radiant energy based on various 
solid state phenomena. Variables that can 
be measured with such transducers include 
temperature, strain, power, current, mag 
netic field strength, and displacement. 50 
ents. 
512—Ready Reference Data Files—IV, 
20 pp. Contains Data Files 37 to 48. Sub 
jects range from information display to 
semiconductor voltage regulators to loaded 
parallel-T’ filters. 50 cents. 
511—Industrial Process Chromatographs: 
What they do, How they work, Who 
makes them, 14 pp. Reviews basics of 
chromatographic techniques including lat 
est refinements to increase sensitivity and 
reduce analysis time of this versatile stream 
analyzer, describes major components and 
their functions, and highlights operation 
and specific features of six commercially 
available chromatographs. 50 cents. 
510—The Use of Digital Computers in 
Science, in Business, and in Control, 112 
pp. A collection of 14 articles published 
over a two-year period as the Digital Ap 
plications Series. Prominent authoritics 
cover the application, programming, over- 
all system design, and commercial availa- 
bility of digital computers in all phases of 
business, industry, and military. (An old 
reprint but with basic and practical con 
tent of value today). $3.00. 
509—Applying Incremental Servos, 24 
pp. Incremental servos offer many advan- 
tages in closed-loop systems. A grouping 
of five basic articles compares stepping and 
stepless control, describes the operation 
and analysis of solenoid-ratchet and phase- 
pulsed synchronous steppers, shows 16 
applications of stepping motors, tabulates 
pertinent characteristics of available step- 
Continued on page 192) 
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# 
Get precise temperature 
measurement and control 
the low-cost 


easy way... | 


... insist on RdF STIKONS & STRAPONS 


RdF STIKON 
BN Series 


ee 


rc 


se 

| RdF STIKON 

+ New APM 
Series 


s 
RdF STRAPON 
RN-100 


RdF STRAPON 
RNM-100-1 


\ 


x 


| , 
r ~~; 


RdF INDICATORS 


RdF STIKON® resistance thermometers for surface temperature 
measurement were pioneered by RdF Corporation (formerly 
Arthur C. Ruge Associates, Inc.). These versatile transducers are 
characterized by millisecond response, high sensitivity, accuracy, 
Stability and high output. Recent developments in adhesives 
now make it possible to bond RdF STIKONS easily and quickly 
to virtually any surface. Available in a wide variety of grid styles 
and carrier materials. Latest addition to the line is the APM 
Series with temperature ratings of —450° to 2000°F 


RdF STRAPON resistance thermometers, a modification of the 
RdF STIKON, are mounted on a stainless steel shim overmolded 
with silicone rubber. These rugged, re-usable sensors can be 
strapped to the outside of a pipe to measure the temperature 
of fluid inside without shutting down a process, interrupting flow 
or cutting holes in pipes. RdF STRAPONS are designed to oper 
ate at continuous temperatures from —100° to 500°F 


RdF PROBES —To supplement the established capability of 
RdF resistance thermometers for surface measurements, RdF 
Corp. offers a complete line of standard, mounted and miniature 
probes for measuring temperature in any situation 


RdF PORTABLE INDICATORS —A series of low-cost, direct: 
reading temperature indicating instruments for use with RdF 
resistance thermometers. Easy to use, accurate, dependable. Bat 
tery or AC power supply optional. 


lf you have a temperature measurement/contro! problem, con- 
tact us for the name of your nearest RdF sales engineer. Write 
today for RdF STIKON Catalog and Price List +1-59 and for 
RdF Products Bulletin +T-60A. 


Nashua, N.H., TUxedo 2-5195 TWX NASH 188-U 
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(~ BI-DIRECTIONAL 


:~ 
COUNTER 


NEWEST 
IN NEW LINE 
OF ANALOG TO 
DIGITAL 
CONVERSION 
PRODUCTS FROM 
HYDRO-AIRE 


This highly versatile, 45,000- 
count-per-secondreadout 
device indicates true position 
while going through zero in 
either direction. No need for 
external reset to establish 
reference, thus reducing the 
cost and complexity of related 
devices while simplifying sys- 
tem design and maximizing 
reliability. Modular construc- 
tion of this compact, fully 
transistorized counter includes 
self-contained power supply 
and output connector. 





When used with Hydro-Aire’s 
Phototron transducer, this new 
counter converts inputs to 
Nixie tube visual readout and 
to digital type electrical read- 
out for information storage, 
automatic machine control and 
process control systems — 
wherever precision numerical 
readout is required. 


Detailed specifications on this 
and related products now avail- 
able from Hydro-Aire are yours 
on request. 


TDROAIRE 


DIVISION OF 


CRANE 


3000 WINONA AVE., BURBANK, CALIF. 
Solid-state devices include time 
delay devices, voltage regula- 





tors, power supplies, inverters. 
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ping motors, and discusses the problems of 
interlocking the devices. 65 cents. 

508—Transistor Switches for Industrial 
Service, March 1961, 24 pp. Industry re 
quires reliable, inexpensive, and fast switch 
ing devices. This special report thoroughly 
covers one possible solution to this re 
quirement—transistor logic modules pack 
aged for industrial use. Topics include 
how transistors perform logic functions, 
available systems and components, tips on 
selection and use, and case studies of in 
dustrial applications. 65 cents. 

507—Tips on the Use of Electromechan- 
ical Relays, 24 pp. Compilation of five arti 
cles presents practical information on the 
design, test, and use of relay control svs 
tems. Topics covered include: testing relay 
electrical reliability, improving system relia 
bility, narrowing relay differential, logical 
synthesis of systems, and verifying relay 
control circuits. 65 cents. 

506—What You Should Know About 
Adaptive Systems, 17 pp. Is there such a 
thing as an adaptive control system? 
What approaches have been taken? What 
does the future hold? These are the ques 
tions the author answers in this three 
article reprint, in sufficient detail and with 
sufficient references to provide a_ basic 
grounding in this latest area of control 
engineer interest. 50 cents 

505—The Basics of Optimum Response 
Relay Servos, 17 pp. Three part series 
summarizes all of the important design 
techniques that have been used to op 
timize the response of relay servos. Th« 
reprint describes the development of the 
optimum switching criteria, and outlines 
the progress that has been made in im 
plementing this theorv with hardware for 
second order and higher order systems 
Extensive references provide a guide for 
further study. 50 cents. 

504—System Characteristics of Modern 
Guidance Techniques, Angust 1960, 22 
pp. In this special report five experts from 
three companies cover the system charac 
teristics of inertial navigators, guidance ra 
dats, Doppler radar techniques, modern 
techniques in celestial navigation, and per 
ceptive guidance systems. 65 cents. 

503—How to Determine Stream Analy- 
zer Dynamics, 8 pp. Package of two articles 
shows how analyzers can introduce dynamic 
errors, how to determine analyzer dynam 
ics, and how to improve performance. The 
instrument used is a differential refractom- 
eter but techniques can be extrapolated to 
other types of analyzers. 40 cents. 

502—Survey of Dynamic Display Tech- 
niques, 20 The function of these 
newly developed techniques is to put up- 
to-date information in the hands of human 
operators of control systems when the 
information changes at a high rate. Both 
basic approaches and commercial hard- 
ware are discussed for cathode ray tube 
displays, optical systems, and miscellaneous 
devices ranging from TV pickup to matrix 
cells. 50 cents. 

501—Six Transducers for Precision 
Position Measurement, May 1960, 6 pp. 
Explains operation and gives practical ap- 
plication hints for six precision position 
transducers: pin-and-pawl mechanism, mag 
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ATL 
PROFILE MONITOR 


Bar-graph dis- 
play of pres- 
sure, tempera- 
ture, velocity, 
and other var- 
iables on 17” 
CRT. Scans up 
to 48 channels, 
each 20 times 
per second. Alarm functions when 
set point is exceeded. 


ATL 


DELTASWITCH 
HIGH SPEED MERCURY JET COMMUTATOR 
Provides high sam- 

pling rates and long, 
trouble-free opera- 

tion. Uses mercury jet 

in place of conven- 

tional wiper arm. 
Models available 

with 64, 81, or 100 
channels per pole, 

single or multiple 

poles, for 1200 or 

1800 rpm operation. 


TYPICAL SYSTEM 


Illustrated below is a system combining ATL 
thermocouples, Deltaswitch, and Profile 
Monitor to display temperature gradients 
along a surface or at various depths in a 
heat shield. 





TRANSOUCERS DELTASWITCH 
IDELTA-COUPLES! COMMUTATOR 


PROFILE MONITOR 
EADOUT 


= nan 


T 


Intl 











For detailed information write: 


ADVANCED 
TECHNOLOGY 
LABORATORIES 


a owsion of AmERICAN-Standard 
369. WHISMAN ROAD + MOUNTAIN VIEW, CALIFORNIA 
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Now! A precision 
recorder —5 ways 

more versatile, 
easier to operate! 


e multiple chart speeds 

e push-button controls 

@ positive paper drive 

© mounts on wall or bench 
e wide application range 


Here’s the Beckman Potentiometric 
Strip-Chart Recorder. Its standard 1” 


per minute chart speed is supple- | 
mented by any of 12 internal or plug- | 


in external accessory drive units — for 
speeds from 4” per minute to 6” per 
hour. Positive chart paper drive is as- 
sured by the recorder’s flexible belt 
chart drive mechanism. Pen response 
is 1.0 second full-scale. Pen zero can 
be set to any point throughout its 5” 
pen travel. An input voltage span con- 
tinuously adjustable between 10 and 
100 mv permits a wide range of appli- 
cations: transmittance, absorbance, 
temperature, pH, frequency, heat, so- 


lution conductivity, pressure, strain, | 


speed, light sensitivity. Accessories in- 
clude circular chart drive and external 
circuit controller. For full details, see 
your Beckman laboratory apparatus 
dealer or write direct for Data File 
46-11-21. 


Beckman INSTRUMENTS, INC. 


SCIENTIFIC AND PROCESS 
INSTRUMENTS DIVISION 
Fullerton, California 
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netic bench-mark system, resolver-type 
transducer, electrostatic transducer, coded- 
disc devices, and diffraction gratings. 30 
cents. 

500—Ready Reference Data Files—I, 
I, Il, 76 pp. The feature here is a 
special rate for those who purchase all 
of the Data Files published in Controi 
ENncineERING through April 1960. The 
36 articles included in this package cover 
analysis, design, and application short-cuts 
for all phases of the control field. Every- 
one can use this timeless reference mate- 
tial. $1.35. 

499—Ready Reference Data Files—Ill, 
28 pp. Includes the third dozen Data 
Files published in Conrrot ENGINEER- 
1nG. Topics range from control of metal 
properties with eddy currents to electri- 
cally signaled valve actuators to stabiliza- 
tion of sampled data systems. 60 cents. 

498—Ready Reference Data Files—II, 
24 pp. Includes the second dozen data 
files published in Controt ENGINEERING. 
Topics covered range from analyzing hy- 
draulic servos graphically to using silicon 
diodes as protective devices. 50 cents. 

497—Ready Reference Data Files—I, 
24 pp. Includes the first 12 data files 
published in Conrrot ENGINEERING—a 
diversity of topics from system reliability 
through the cost of industrial temperature- 
measuring systems. Each shows how to 
solve a particular problem. 50 cents. 
496—How to Specify Instrument Ac- 
curacy, 8 pp. This basic reprint is aimed 
at helping the user and maker to develop 
clear and mutual agreement on allowable 
instrument errors. Discussions of un- 
certainties of zero, scale factor, and 
instantaneous slope aid in the intelligent 
specification of allowable errors and pre- 
ferred test procedures. 40 cents. 
494—How to Use the Root Locus in 
Control System Design, 12 pp. Another 
reprint that translates theory into practice 
Eight simple rules make locus construc- 
tion. easy, even including the effects of 
distance-velocity lags. Articles show how 
to interpret the locus diagram, determine 
transient response, and use locus tech- 
niques with multiloop systems. 45 cents. 
489—Fundamentals of Multivibrators, 
12 pp. Multivibrators are the electronic 
equivalent of the double-throw electrome- 
chanical relay and can perform substanti- 
ally the same functions (memory, logic, 
gating, counting), but at enormously higher 
speeds. They can be built around vacuum 
tubes, transistors, square-loop magnetic 
materials, neon tubes, thyratrons, and 
cryotrons. This covers a broad selection of 
multivibrator circuits. 45 cents. 

488—A Roundup of Control System 
Test Equipment, 24 pp. Specialized con- 
trol system test equipment divides into 
three classes: 1) devices that only generate 
a test signal, 2) systems that both disturb 
the system and provide a means for eval- 
uating response, and 3) devices that only 
evaluate control system response. 60 cents. 

487—Survey of Ac Adjustable-Speed 
Drive Systems, June 1959, 16 pp. Re- 
garded as constant speed devices, multi- 
speed ac actuators actually take many efh- 

(Continued on page 194) 





PHOTOTRON 


. ae 
‘ 
\ 


FIRST IN 
NEW LINE 
OF ANALOG TO 
DIGITAL 
CONVERSION 
PRODUCTS FROM 
HYDRO-AIRE 


This highly versatile basic 
transducer offers incremental 
conversion of shaft angle to 
digital measurement. Available 
in seven models, its maximum 
permissible speeds range from 
15,000 rpm at 128 counts per 
revolution to 1,250 rpm at 
2,048 counts, with sample 
rates ranging to 45,000 counts 
per second. 


Applications for the Hydro-Aire 
Phototron include analog to 
digital shaft converters, pre- 
cision analog servo with digi- 
tal readout, data reduction 
equipment, tachometers, and 
precision measurement and 
control. 


Detailed specifications are 
available on request. Related 
products soon to be available 
from Hydro-Aire, a member of 
the Crane Co. Systems and 
Controls Group, will include 
associated power supplies and 
binary and digital counters. 


HYDRO 


DIVISION OF 


Gar 


3000 WINONA AVE., BURBANK, CALIF 
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data recorders 
pod 


not any more 


now, Mnemotron gives 
you a complete, easy- 
to-use 4-channel analog 
tape record/reproduce 
system with 0.2% precision 


for only $3,495 


Complete with 1042” 
mounted. 


reel tape transport, rack 


Mnemotron offers a unique pulsed 
kM principle and fully transistor- 
ized, self-coniained unit that records 
all analog data * data acquisition ° 
storage, analysis and reduction * time 
contraction and expansion °¢ 
programming * computer read IN and 
read OUT * dynamic simulation. With 
Mnemotron, you can do more with 
paper recorders . . . expanding fre- 
quency response and channel capac- 
ity, saving you from being deluged 
with data, permitting you to look at 
the same data at different time scales. 
Model M204 features: 

Any 2 adjacent speeds: 334, 72, 15 ips. 
Added low speed available on special order. 


scaie 


Frequency Response: 

© DC—-800 cps @ 15 ips 

© DC—400 cps @ 712 ips 

@ DC—200 cps @ 3% ips 

Linearity: 0.2% full scale. 

Noise: Less than —50 db ful! sca'e 

Crosstalk: be'ow 70 db. 

Extended range systems also available 
Write, wire, phone today for 

complete details. 


ft TRON 
(Bok R ew ATI O® 


prosinten analog data tape recorders and bio- 
ogical computers 
South Main Street, Pearl River, N. Y. 
® PEarl River 5-4015 (914) 
@ Cables: Mnemotron 
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cient forms. The recent resurgence of 
interest in these ac adjustable-speed sys- 
tems prompted this comprehensive cover- 
age of pole-changing techniques, armature 
resistance control of wound-rotor motors, 
slip-frequency injection, use of eddy-cur- 
rent couplings, etc. 50 cents. 

486—A New Way to Select the Best 
Control-system Control Valve, 16 pp. This 
three-article reprint gives rules for selecting 
the right valve characteristics based on 
static and dynamic considerations, takes 
into account the influence of piping on 
valve performance, and tackles the prob 
lem of sizing valves for maximum flow 
and for control rangeability. 50 cents. 

485—Fundamentals of Tie-Motor Con- 
trol, 12 pp. Although high powered 
synchro-tie systems have been around 
for a long time, only recently has enough 
experience been logged to put their de- 
sign on a scientific, rather than cut-and 
try basis. ‘The reprint examines the types 
of motors that can be used in the light of 
the application characteristics, and con 
siders the special circuit designs that are 
required. 30 cents. 

484—Applying Phase-Time Techniques 
to Nonlinear System Design, 16 pp. This 
series of three articles is designed to teach 
the use of phase-plane techniques to work- 
ing system designers, on a practical rather 
than theoretical basis. It tells how to con- 
struct a phase-plane plot, interpret a plot 
in terms of system performance, and syn- 
thesize nonknear systems using phase 
plane techniques. 50 cents. 

483—Economics in Control, December 


1-WAY 0 


THE MOST 
RELIABLE 
SHIFT 
REGISTER 
ELEMENTS 


Magnetic-core shift registers are the 
most reliable kind. Best of the mag- 
netic breed is the exclusive DI-AN 
core-transistor circuit, in which the 
transistor is used only as a _non- 
critical switch, creating high 1:0 ratios, 
drawing but flea-power, tolerating wide 
variations in voltage, temperature, 
signal. Encapsulated, economical, prac- 
tically eternal. 


| 





DI/AN CONTROLS, INC. 


944 Dorchester Avenue @ Boston 25, Mass. © Avenue 8-7700 
magnetic digital/analog systems and components 


1958, 24 pp. A special report covering the 
economic aspects of modernizing with 
control systems. It starts off with a guide 
to the financial factors of modernization, 
then tells the control engineer how to 
spot opportunities where the addition of 
ineiremmentation and control equipment 
will earn money, and concludes with nine 
case histories showing specific benefits of 
modernizing with control systems. 50 
cents. 

480—Selecting and Applying Control 
Timers, 24 pp. A compilation of four 
articles including a tabular description of 
timer functional parts, criteria for —s 
and applying control timers, a tabular list- 
ing of available timer types and their char- 
acteristics and techniques for custom-de 
signing controls for time-based routines 
50 cents. 

478—Servo Modulators—Their Applica- 
tion, Characteristics, and Availability, 36 
pp. A group of four integrated articles 
covering all phases of electromechanical, 
electronic solid state, and magnetic modu- 
lators. Typical circuit diagrams, character- 
istics, and applications are given for each 
type, plus an 84-item bibliography and 
tables listing commercial units. 65 cents. 

477—Basic Data on Process Control, 24 
pp. A grouping of five articles on flow 
process control, including Basic Concepts 
of Feedback Control, Selecting Loops for 
Critical Control, Direct or Reverse Con 
troller Actions, Modifying Valve Charac- 
teristics to Fit the Process, and Using 
Capacitance for Accurate Level Measure- 
ment. 50 cents. 


Newest achievement is our two-way 
element. Shifts right and left, up 
and down, reads out non-destructively, 
creates additional degrees of freedom 
in data organization. 


Write — we'll send thousands of words 
on DI-AN shift-register products. 
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FREE 


MANUAL 


folsMmatlalailclamelale merits 


MERCURY RELAYS 


for all loads up to 100 AMPS 


@ 
G 


FREE: The standard reference manual on 


j 
‘he 
” "ter, 


_f 
me 
“ 
— 


| 


nd 


all types and.applications of Mercury 
Plunger Relays. Silent, hermetically 
sealed, compact, miniature units provid- 
ing millions of continuous makes and 
breaks with no maintenance. No pitting 
or corrosion 


Send for FREE MANUAL and 
30-day Free Test details 


EBERT ELECTRONICS CORP. 


212-18 Jamaica Avenue 
Queens Village 28, N. Y. 


CANADA: Philips Electronics Industries Ltd 
EXPORT: Philips Export Co. New Y 
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BUSINESS OPPORTUNITIES - EQUIPMENT - USED or RESALE 


DISPLAYED RATES UNDISPLAYED RATES 
The advertising rate is $20.80 per inch for all $2.10 a line, min 
advertising appearing on other than a contract 
basis. Contract rates quoted on request. 


AN ADVERTISING INCH is measured 7% inch 
vert. on one col., 3 columns—30 in. to a page. DISCOUNT OF 10% if full payment is made in 


EQUIPMENT WAITED or FOR SALE ADVERTIS- advance for four consecutive insertions of undis- 
MENTS acceptable only in Displayed Style. played ads. 





. 3 lines. To figure advance 
payment count 5 average words as a line. 

BOX NUMBERS count as one additional line in 
undisplayed ads. 





| MOVING? 
LOOKING FOR j A | SEND FOR BOOKLET 


Turn to section 4800 4 oarare’ + A free, 16-page booklet prepared by 


Burnham Van Service, Inc. can give you 
| _eem — ELECTRONIC ENGINEERS MASTER poy wea nian est very tretamasttnany ce 


— 


CIRCLE 206 ON READER SERVICE CARD on Dawe te cuperaee, youn move Sam ey 


to city when you change jobs. How to 


DID YOU KNOW i 5 prepare to move, tips on packing, a 


o + helpful inventory checklist of things to - 

‘ do are among the topics included. Write 

That when buyers are in the market for . - I 
= of 
\RD 








. : : , for your free copy. No obligation. 
a specific piece of used or rebuilt equip- Charles E. Swann, Burnham Van Service, 
ment... they turn to the Inc., 1634 Second Avenue, Columbus, 


SEARCHLIGHT SECTION Georgia. 
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LOOKING FOR; i LOOKING FOR 5 
DELAY LINES? RELAYS? 


Turn to section 2350 Turn to section 4500 














eem — ELECTRONIC ENGINEERS MASTER L. eem— ELECTRONIC ENGINEERS MASTER 


LEADING BRITISH ENGINEERING GROUP 


SEEKS U. S. 


LICENSEE FOR ELECTRONIC 


REMOTE SUPERVISORY CONTROL SYSTEMS 


radio or microwave. 





The systems available are applicable to oil and The systems are designed to handle controls, 
gas gathering and pipeline installations, to elec- monitoring data and numerical information. 
tricity distribution and to water supply systems. A cross-license for an electronic or mechanical 

The systems are digital, using exclusively solid engineering product would be considered. 
state components and make efficient use of com- Interested firms are invited to apply for Prelim- 
munication bandwidth whether it be on wire, inary Evaluation Report, enclosing copies of their 


Replies should be addressed to:— 


own technical literature. 


International Department B 
The McCarty Company 

116 New Montgomery Street 
San Francisco 5, California 
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OPPORTUNITIES 


ontro| 


ENGINEERING 


MONTHLY QUALIFICATION FORM 
FOR POSITIONS AVAILABLE 


ATTENTION: 
ENGINEERS, SCIENTISTS, PHYSICISTS 


This Qualification Form is designed to help you advance in the control 
industry. It is unique and compact. Designed with the assistance of 
professional personnel management, it isolates specific experience in 
insirumentation and deals only in essential background information. 
The advertisers listed here are seeking professional experience. Fill in 
the Qualification Form below. 


COMPANY SEE PAGE KEY # 


CHEMSTRAND RESEARCH CENTER, INC. 198 
Sub. of The Chemstrand Corporation 
New York, New York 

ESQUIRE PERSONNEL 
Chicago, illinois 

HUGHES AIRCRAFT CO. 

Culver City, California 

LEDGERWOOD, EDITOR, BYRON K. 
New York, New York 

LEEDS & NORTHRUP 
Philadelphia,  - uacatiamaa 

LITTON SYSTEMS, INC. 

Data = Systems Div. 
Can Park, California 

LOCKHEED. "MISSILE & SPACE CO. 

STRICTLY CONFIDENTIAL Div. of Lockheed Aircraft 
Sunnyvale, California 

Los a ag oy 3 agama 

Alamos, New 

MINNEAPOLIS HONEYWELL "REGULATOR co. 

beng Division 
yoo Pennsylvania 

OLKON CORPORATION 
New York, :o York 

PERKIN-ELMER CORPORATION 

PHILLIPS PETROLEUM COMPANY 

WHAT TO DO Idaho Falls, Idaho 

PILLSBURY COMPANY 
Minneapolis, Minnesota 

RAMO WOOLDRIDGE 
Div. of Thompson-Ramo-Wooldridge Inc. 
Canoga Park, California 

SANDIA CORPORATION 

Albuquerque, New Mexico 

SIKORSKY AIRCRAFT 197 
Div. of United Aircraft Corp. 
Stratford, Connecticut 





Your Qualification form will be handled as “Strictly Confidential.” Our 
processing system is such that your form will be forwarded within 24 
hours to the proper executives in the companies you select. You will 
be contacted at your home by the interested companies. 





. Review the positions in the advertisements. 

. Select those for which you qualify. 

. Notice the key numbers. 

. Circle the corresponding key number below the Qualification Form. 

. Fill out the form completely. PLEASE PRINT CLEARLY 

. Mail to: D. Hewksby, Classified Advertising Div., Control Engineering, 
Box 12, New York 36, N. Y. (No charge, of course). 


* These advertisements appeared in the October issue. 


|e @& £ 8 8 8 EE EF SF EF FF FF Se 
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CONTROL ENGINEERING MONTHLY QUALIFICATION FORM FOR POSITIONS AVAILABLE 


Personal Background 


ut here) 


Education 
PROFESSIONAL DEGREE(S) 


MAJOR(S) 





CATEGORY OF SPECIALIZATION 
Please indicate number of months 
experience on proper lines 


Technical Supervisory 
Experience Experience 
(Months) (Months) 


FIELDS OF EXPERIENCE (Please Check) 


E 3 Aerospace Control [] Guidance Systems 


C7] Hydraulics 
C] industrial Control 


C) Pneumatics 


s Components C] Process Control 


T] Process 


Instrumentation 


RESEARCH (pure, 
fundamental, basic) 
RESEARCH 


C] Computer Design 


CT] Computer Application C] Logic Design 

C] Computer Programming C] Machinery Control 
| Control Theory 

= Data Communication 
C] Display 


[_] Electronic Circuitry 


[_] Man Machines 
C] Motor Control 
TC) Nuclear 

C] Numerical Control 
C] Flight Instrumentation C] Optics 


CJ Servomechanisms 
[] Simulation 

C] Solid State Devices 
C] Switching 


C] Systems Analysis 





(Applied) 
SYSTEMS 

(New Concepts) 
DEVELOPMENT 
(Model) 

DESIGN 

(Product) 
MANUFACTURING 
(Product) 

FIELD 

(Service) 

SALES 

(Proposals & Products) 





CIRCLE KEY NUMBERS OF ABOVE COMPANIES’ POSITIONS THAT INTEREST YOU 
1234567891011 12 13 1415 16 17 18 19 20 
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EMPLOYMENT OPPORTUNITIES 





pioneer and leading manufacturer 
of rotary wing aircraft 





___...at SIKORSKY 


electronic engineers 
can broaden their 
professional horizons 


in the field of 


helitronics 


Today, as Sikorsky Aircraft’s activities expand in significance and scope, 
particular emphasis is being directed to a sphere of activity which we term 
“helitronics”. This area embraces a blending of two major technologies: heli- 
copters and electronics. Specifically, helitronics means the integration of guidance 
and navigation systems, specialized electronic search and detection equipment to 
enhance the mission capability of the helicopter; specialized sensors and auto- 
matic controls to increase its versatility as an optimum military weapon system 
and a commercial carrier. 


The need for more sophisticated electronic systems offers exceptional 
opportunities to competent electronic engineers with particular skills in: 
design e instrumentation e test e development e air-borne systems 
@ production and service support equipment e trainers and simulators. 


Unusually interesting openings as Avionics Instructors also exist for men 
with aircraft electronics experience and a desire to teach. 


If you are interested in these career opportunities, please submit your resume, 
including minimum salary requirements, to L. J. Shalvoy, Personnel Department. 





a na 


SIKORSKY AIRCRAFT 222222 


DIVISION OF UNITED AIRCRAFT CORPORATION 
All qualified applicants will receive consideration for employment without regard to race, creed, color or national origin. 
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EMPLOYMENT OPPORTUNITIES 








ENGINEERS 
SCIENTISTS 
G-R-O-W 


WITH THE FIRM 
THAT IS BUILT ON 


RESEARCH 


Leeds & Northrup Co., as a result 
of continued growth, now has 
openings for college graduates at 
the Bachelor, Master and Doctoral 
levels. Electrical, Chemical, 
Mechanical, or Physics degree 
preferred. 

lf you enjoy doing creative work 
at a truly professional level and 
have 2 to 10 years’ experience in: 


@ Measurement and Control 
of Industrial Processes 


@ Data Processing 

@ Steam Power 

@ Systems Analysis 

@ Servomechanisms 

@ Analytical Instrumentation 
@ Mechanical Design 


@ Analog or Digital 
Computers 


@ Solid State Electronics 


We would like to talk with you 
about openings in: 
RESEARCH & DEVELOPMENT 
SYSTEMS ENGINEERING 
MARKET DEVELOPMENT 
PRODUCT ENGINEERING 
SALES ENGINEERING 


Send Complete Resume To: 
WAYNE L. BESSELMAN 


Coordinator of Technical Employment 


LEEDS [hs NORTHRUP 


Instruments Automatic Controls * Furnaces 


4850 STENTON AVENUE 
PHILADELPHIA 44, PA. 


An Equal Opportunity Employer 
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YOUR VIEW 


OF THE 


CONTROL FIELD 


We need a young process control en- 
gineer with a flair for writing to fill a 


‘EXPAND 


| 
| 


position as Assistant Editor on the staff | 


of Control Engineering. He must have 
an engineering degree and a good 
knowledge of the fundamentals of auto- 
matic control theory, plus a familiarity 


| with the techniques and equipment 
| used for petroleum and chemical proc- 


ess control. His responsibility will be 
to keep himself and CtE’s readers on 
the forefront of control in raw materials 


processing. Editorial offices are in New | 
York City and some time will be spent | 


traveling to technical meetings and to 
leading users and manufacturers of 
control equipment. 


| If you fit the qualifications and want 
a unique opportunity to become one of | 
the best informed men in the control | 


field, send your resume to 


Byron K. Ledgerwood 
Editor 

Control Engineering 
330 W 42nd Street 
New York 36, N. Y. 








DIRECTOR OF MATERIAL 
To $14,000 per Year 
Reporting to the V-P of operations, you will be 
responsible for establishing material requirements, 
procuring materials, services and supplies, main. 
taining up to date inventory records, controlling 
the disbursement of all materials and directing 
stock i and shipping dept. Client assumes 
ail expense: 
ESQUIRE PERSONNEL 

202 South State St. Chicago 4, Illinois 


ELECTRICAL ENGINEER 


The Pillsbury Company has an unusual 








opportunity available on its General 
Engineering staff at Minneapolis. 


Responsibilities will include design of 
control circuitry for lighting, motor and 
process equipment with special empha- 
sis on sophisticated process modulation 
and feed-back circuits. Study applica- 
tions for computer controlled process 
equipment. 


BS EE with 4 to 6 years experience in 
process control design and instrumenta- 
tion, Experience with computer con- 
trolled feed-back circuits desirable. Sal- 
ary commensurate with ability. Send 


resume in confidence to: 


Calbert Butler 


THE Aces COMPANY 


H 2% Mi 





An Equal sean Employer 














| bleaching, 
| Experience 


pte acusne geen 


ELECTRICAL ENGINEER 
OR PHYSICIST 


We are seeking an electrical engineer 
or physicist with a BS degree with up 
to three years experience in the design 
and the preliminary fabrication of elec- 
tromechanical equipment and circuitry to 
provide service to our Research Center 
through design and construction of spe- 
cialized research and process instru- 
mentation. 


Send resume of academic training, 
perience and salary in confidence to: 
Supervisor, Employment Department T4, 
Chemstrand Research Center, Inc., P. O. 
Box 731, Durham, North Carolina. 


CHEMSTRAND RESEARCH CENTER, INC. 
IS A WHOLLY OWNED SUBSIDIARY OF 


THE 
CHEMSTRAND 
CORPORATION 
NEW YORK, NEW YORK 
ee 


ex- 





WANTED 


Electrical, Mechanical or 
Chemical Engineering Graduates 


. to be trained as Sales Engineers for 
Cleveland, New York, Chicago, and Rich- 
mond, Virginia. We also have an opening 
for man with technical background for 
inside office work at Los Angeles. Prefer 
men between 25 and 32 years of age who 
have had industrial process experience. 
Successful applicants will be given a 
three-month factory course starting Feb- 
ruary 1, 1962 


Write Harry E. Beane, Vice President 
THE BRISTOL COMPANY 
Waterbury 20, Connecticut 








RHEOLOGY SCIENTIST 


if you are a fully qualified physicist, possessing a 
university degree, and would like to work in Swit- 
zeriand, you are invited to apply for a position with 
our affiliated company in Zurich, which is looking 
for a physicist for research and development work 
in connection with measuring instruments and 
control equipment in the field of rheology. 


Applicants should have had previous experience in 
this field, including a thorough knowledge of 
chemical processes. 


New York interview. Trip to Switzerland paid 
Please mail your resume to 


OLKON CORPORATION 
1 East 53rd Street, New York 22, N. Y. 








INSTRUMENT ENGINEERS needed for ap- 
plication, installation and maintenance 
engineering on all types of pneumatic and 
electronic process instrumentation. Opera- 
tional and maintenance problems associ- 
ated with nuclear reactor control, area and 
personnel radiation monitoring are also 
the responsibility of this group. 

B.S. in E.E. with 3-5 years of related ex- 
perience required. 


Contact: 


PHILLIPS PETROLEUM COMPANY 
Atomic Energy Division 
P. O. Box 2067-FQ 
Idaho Falls, Idaho 
U. S. Citizenship Required 
An Equal Opportunity Employer 











POS'TION WANTED 


Ch ; + ry 
instr 


background 


Engineer: 18 years 
in Kraft and Sulfite pulping, 
papermaking and converting. 
includes operation and mainte- 
mance supervision, process development, 
quality control and plant start-up. Desires 
to relocate. Presently employgd. Resume 
upon request. PW-7688, Control Engi 

neering, Classified Adv. Div., 255 California 
St., San Francisco 11, Cal. 
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Advanced Technology Laboratories. . 192 
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American Optical Company 
Ampex Instrumentation Products Co. 
Fourth Cover 
Anelex Corporation 
Assembly Products, Inc 
Astrodata Inc. 
Astromics, A Div. of 
Mitchell Camera Corp 
Atomics International . . 
Automatic Electric 
Automatic Switch Co. 


Bailey Meter Co.. Se 
Baldwin -Lima-Hamilton, Electronics 
& Instrumentation Division 
Barber-Colman Company 
Wheelco Industrial Instruments 
NR RES a Be 58, 59 
Electrical Components Div 189 
Barton Instrument Corporation.... 156 
Beattie-Coleman, Inc 
Beaver Precision Products Inc 
Beckman Instruments Inc., 
Berkeley Division 
Beckman Instruments, Inc., 
ee ee ee 188 
Beckman Instruments, Inc., 
Scientific and Process Instruments 
Division .... 
Bell Telephone Laboratories bition ata 
Bendix Corporation, 
Eclipse-Pioneer Division 
Bendix Semiconductor Division 
Bourns, Inc. 
Bristol Motors Division of 
Vocaline Company of America, Inc. 
Brush Instruments, 
Div. of Clevite Corp 


Comar Electric .... 
Computer Engineering Associates. . . 
Computer Measurements Co....... 
Computron Inc. 
Conoflow Corporation 
Consolidated Controls Corporation. . 
Control Data Corporation, 
Computer Division 
Cubic Corporation, 
Industrial Division 


Delavan Manufacturing Company. 
Di/An Controls, Inc. Meh 
Diehl Manufacturing Company 
Digitronics Corporation 
Donner Scientific Company 
Drexel Dynamics Corporation 
Dynisco Division of 

American Brake Shoe Company. . 


Ebert Electronics Corp... . . 

Edison Industries, Thomas A. 
Instrument Division 

Electric Regulator Corporation 

Electro Instruments, Inc 


NOVEMBER 1961 


IN THIS ISSUE 


Electro-Mech Corporation 
Electro Switch Corp 
Electronic Associates, Inc 
Electronic Measurements Company, 
Inc. 
Electronics. & Instrumentation Div., 
Baldwin-Lima-Hamilton 
Embree Electronics Corporation. ... 164 
Erie Instrumentation, 
Erie Pacific Division . .. 
Essex Wire Corporation, 
RBM Controls Div 
Esterbrook Pen Company 


Fairchild Controls C rigs a 
Fairchild Semiconductor. .. . Third Cover 
Fenwal Incorporated 

Fluke Mfg. Co., Inc., John 

Foxboro Company, ‘The 

Friden, Inc. 


General Ceramics, Division of 
Indiana General Corporation 
General Dynamics/Electronics 
General Electric Company 
Computer Department 
Direct Current Motor and Gener- 
ator Department 
General Metrics Company 
Guardian Electric Manufacturing 
Company 
Gurley, W. & L. 


Halliburton Company . 
Hays Corporation, The............ 
Hewlett-Packard Company 
Holtzer-Cabot Motor Division, 
National Pneumatic Co., Inc. . 
Hoskins Manufacturing Company. . 
Howell Instruments, Inc... . 
Hughes Aircraft Company 
Hydro-Aire Division of Crane. . . 


Industrial Electronics Engineers, Inc. 
Industrial Timer Corporation 

Inland Motor Corporation of Virginia 
International Business Machines. 124, 


Kearfott Division, 

General Precision, Inc. . er 
Kensico Tube Company Division. . 
Kidde Aero-Space Division, 

Walter Kidde & Company, Inc. . 
Kintel, Division of 

Cohu Electronics, Inc 


Lear, Electro-Mechanical Division... 14 

Leeds & Northrup 

Leslie Co. 

Librascope, Division of 
General Precision, Inc. . 

Lincoln Laboratory 


.Second Cover 


VIBRAMITE 


DICK U 


; 


sensitive... 
yet rugged 


damped...yet with 
flat response 


In fact, the new Vibramite pickup 
is the only available damped unit 
with a flat response curve over its 
entire operating range. 

It is also small in size, light in 
weight ...and can be mounted in any 
desired position without adjustment. 





Check these specifications: 
Frequency range 20-2000 cps 


Sensitivity 96. 3 Ta/a/mse, (Calterated 
1% at ~ A ps into 2 
izigihes te ad at 80° F) 


Size 1” x 1.42" 
Weight 2.75 oz 
Natural frequency 15 cps 
Damping oom curr: 


inal. 65 of critical) 
Acceleration 
output limit 


Max. shock without 
damage 


g maxim 
—_ limited only by 
ing equipment) 


1000 g 











Low Natvral Frequency and Hermetically sealed 
Types Also Availabie. Send For Bulletin 1128 


MB ELECTRONICS 


A DIVISION OF TEXTRON ELECTRONICS, INC. 
1101 State Street, New Haven 11, Conn. 
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shortest 
distance 
between you 
and 
RELIABILITY ! 


ELECTRIC co. 


division of 


INDUSTRIAL TIMER CORPORATION | 


RELAYS 


FOR EVERY APPLICATION 
Factory Tested for Reliability! 


GENERAL PURPOSE 
Open Type Relay. Up to 
3PDT, 5 or 10 amp con- 
tact rating. Voltages up 
to 230 volts, AC or DC. 
Details in Bulletin 10. 


GENERAL PURPOSE 
Plug-In Type Relay. Con- 
tact arrangements up to 
3PDT. 5 or 10 amp con- 
tact rating. Voltages up 
to 230 volts, AC or DC. 
Details in Bulletin 10. 


PRINTED CIRCUIT Open 
Type Relay. Up to 3PDT. 
5 or 10 amp contact 
rating. Voltages up to 
230 volts, AC or DC. 
Details in Bulletin 11. 


StecTric co. 


division of 


212 River Street, Orange, N. J. 
Industrial Relays, Foot Switches, Buzzers, Coils 
Phone: ORange 2-8200 
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Litton Systems, Inc. Division of 

Litton Industries 
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EQUIPMENT 
(Used or Surplus New) 
For Sale 


ADVERTISERS INDEX 


Bristol Company 

Burnham Van Service, Inc 

Chemstrand Research Center, Inc. Sub of 
The Chemstrand Corporation 

Esquire Personnel 

Ledgerwood, Byron K 

Leeds & Northrup 

Olkon Corporation 

Phillips Petroleum Company 

Pillsbury Compan 

Sikorsky Aircraft, 


DISTRICT MANAGERS 


ATLANTA 9: Robert C. Johnson, 1375 Peachtree Street N.E., 875-0523 

BOSTON 16: Peter B. Stien, McGraw-Hill Bldg., Copley Square, COngress 2-1160 
CHICAGO 11: Milton J. Steinbraker, 645 N. Michigan Ave., MOhawk 4-5800 
CLEVELAND 13: Edward H. Walker Jr., 55 Public Square, SUperior 1-7000 
DALLAS 1: John Grant, 2100 Vaughn Bidg., 1712 Commerce St., Riverside 7-9721 
DENVER 2: John W. Patten, Tower Bidg., 1700 Broadway, Alpine 5-2981 
HOUSTON 25: Gene Holland, W-724 Prudential Bldg., JAckson 6-1281 

LOS ANGELES 17: Gene A. Fruhling, 1125 W. Sixth St., HUntley 2-5450 

NEW YORK 36: J. M. Morris, R. Bauser, 500 Fifth Ave., OXford 5-5959 
PHILADELPHIA 3: William F. Buehl, Six Penn Center Plaza, LOcust 8-4330 
PORTLAND 4: S. Hubbard, Pacific Bldg., Yamhill St., CA 3-5118 

SAN FRANCISCO 11: W. C. Woolston, 255 California St., DOuglas 2-4600 
LONDON W. 1, ENGLAND: D. McDonald, 34 Dover St. 

FRANKFURT-MAIN, GERMANY: S. Kimes, 85, Westendstrasse 

GENEVA, SWITZERLAND: M. R. Zeynel, 2 Place du Port 
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MICROCIRCUITRY 
AVAILABLE IN QUANTITY 


THREE NEW FAIRCHILD MICROLOGIC COMPUTER 
ELEMENTS Available for immediate volume delivery are 
the Flip-flop, the Gate, and the Half-shift Register. These 
high-speed, low-power devices operate at bit rates in ex- 
cess of 1 mc. For the first time complete arithmetic and 
control sections can be produced with SILICON PLANAR, 
SINGLE CHIP logic building blocks. 


DESIGN AND ASSEMBLY COST REDUCTIONS — 
UP TO 90% Fairchild Micrologic elements can reduce 


system design and assembly costs up to 90%, space re 
quirements up to 95%, and power needs up to 75%, thus 
making many new computer applications practical and 
economically feasible. They can be used over the full 
military temperature range (—55° C. to +125° C.). 


RELIABILITY — 500,000 HOURS AT 125°C 

The equivalent of 3,000,000 component operating hours 
without a single failure. A new order of stability and re 
liability is made possible by the Fairchild Planar process 
with total protection of the passivated oxide surface. 


6 aS) ee 
SILICON PLANAR SINGLE CHIP CIRCUITS 


UNRETOUCHED PHOTOGRAPHS MAGNIFIED 5 TIMES 


“EF” FLIP-FLOP 
TO-5 size header 





“G” GATE 
TO-5 size header 


“S” HALF-SHIFT REGISTER 
TO-5 size header 








NOR DIAGRAMS AND CIRCUITS FOR EQUIVALENT FUNCTIONS 


For complete data, specifications and pricing information 
contact your Fairchild Field Sales Office. Or write direct. 
Three additional elements (the Half-adder, Buffer and 
Counter Adapter) will be available soon to complete 

the Fairchild Micrologic family. 


ul and pwLogic are trademarks of Fairchild Semiconductor, a 
Division of Fairchild Camera and Instrument Corporation 


eS eo 
H-AIRCHILD 


See 
SEMICONDUCTOR 


545 WHISMAN ROAD, MOUNTAIN VIEW, CALIF.- YORKSHIRE 8-816] - TWX: MN VW CAL 853 


A DIVISION OF FAIRCHILD CAMERA AND INSTRUMENT CORPORATION 
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Only Ampex AR-300/FR-700 Radar reconnaissance and tracking 
systems make all these Radar simulation and training 


wideband recording ; 
techniques practical Pre- and post-detection recording 


and routine 


Wideband communications 
Infrared recording 


It takes 4 mc response to fully encompass all 
the above applications. Increasing tape speed 
past static heads would demand 1,300 ips and 
record only 3 minutes, using massive 19” reels 
... but Ampex puts a full hour on standard 
1014” reels, by rotating the recording heads at 
12,000 rpm transversely across slow-moving 
tape (12% and 25 ips) to get the needed rela- 
tive head-to-tape speed for 4 mc. In so doing, 
the AR-300 and FR-700 recorders borrow from 
Ampex’s VIDEOTAPE* Recorders, which use an 
identical technology to capture TV frequencies. 


More bits per hour, another bonus from rota- 
ting heads. Rotating heads reconcile two ideals: 
relative freedom from information dropout, 
and maximum information recorded per reel 
of tape. With head-to-tape speed to spare, each 
bit of information can be permitted to occupy 
a greater wave length along the track to mini- 
mize dropout. At the same time, rotating heads \ 
are ideal for recording very narrow, closely- 

spaced tracks across the tape. This narrow a 

spacing puts 64 tracks into each inch. Up to 
5,000,000 bits of PCM data can be recorded 
per second, or 1.8x 10!° bits on a one-hour reel. 


750 similar recorders have written the relia- 
bility record. Better than 99% reliability from 
over 750 viDEOTAPE Recorders in worldwide 
use is a matter of record. Sole routine replace- 
ments necessary are heads and tapes. On a 
megacycle-hour basis, life compares favorably 
with lower performance recording methods. 








Some significant specifications. One or two 

tracks available. Tape speeds: 12% ips for sin- 

gle track and | hour——25 ips for two tracks and ‘py 

Ys hour. Models: AR-300 Mobile or Airborne . 

for record only—FR-700 single rack laboratory 

record/playback. Response: by FM 10 cps to 

4 mc (+ 3 db). Tape: 1.0 mil Mylar (DuPont 

T. M.), 2” wide on 101%” reels. Electronics: all 

solid state. Environmental (AR-300): 50,000 \ 

feet altitude, temperatures —54°C to +55°C. 7 ce 

Tape interchangeability between all AR-300 

and FR-700 recorders. \\ 
banana 


*TM Ampex Corp. 


AMPEX INSTRUMENTATION PRODUCTS CO. 
' Box 5000 + Redwood City, California 
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